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Human Factors Evaluation of Existing Side
Collision Avoidance System Driver Interfaces

ABSTRACT

Thispaper describestheassessment of driver interfacesof atype
of electronics-based coallision avoidance systems that has been
recently developed to assist drivers of vehicles in avoiding
certain types of collisions. The electronics-based crash
avoidance systems studied were those which detect the presence
of objects located on the left and/or right sides of the vehicle,
called Side Collision Avoidance Systems, or SCAS.

As many SCAS as could be obtained, including several pre-
production prototypes, were acquired and tested. The testing
focused on measuring sensor performance and assessing the
qualities of the driver interfaces. This paper presents only the
results of the driver interface assessments. The sensor
performance data are presented in the NHTSA report
“Development of Performance Specifications for Collision
Avoidance Systems for Lane Changing, Merging, and Backing --
Task 3 - Test of Existing Hardware Systems” [1].

One goal of this research was to evaluate, based upon the
principles of human factors, how well the driver interfaces of the
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driver interface is defined as the displays and controls through
which the driver interacts with the CAS and receives collision
avoidance warning information. The type of electronics-based
Collision Avoidance Systems, or CAS, examined was that which
detects the presence of objects located onl#fieand/or right

sides of the vehicle (referred to as side-looking collision
avoidance systems or SCAS). These side-looking systems are
intended primarily as supplements to the existing side- and rear-
view mirror systems. The SCAS assist the driver during lane
changes and merges by detecting adjacent vehicles.

This research was performed as part of a larger research
program, “Development of Performance Specifications for
Systems Which Assist in Avoiding Collisions During Lane
Changes, Merging, and Backing” sponsored by the National
Highway Traffic Safety Administration (NHTSA). The research
was performed by TRW's Space and Electronics Group with
assistance, during the Phase 1 testing, from NHTSA's Vehicle
Research and Test Center (VRTC) and various subcontractors.

A portion of Phase 1 (Laying the Foundation) of the research
program “Development of Performance Specifications for

SCAS studied were designed. The strengths and weaknesses of Systems Which Assist in Avoiding Collisions During Lane

each driver interface were determined. Overall, while none of
the SCAS had an “ideal” interface, most had ergonomically
acceptable interfaces. Not surprisingly, the commercially
available systems tended to have better driver interfaces than did
the prototypes. Another goal of this research wasrdoide
advice to future designers of collision avoidance system driver
interfaces regarding ergonomically desirable or undesirable
features. From the evaluations performed, a preliminary set of
driver interface performance specifications that may be of aid to
future SCAS driver interface designers has been developed.

INTRODUCTION

This paper describes the evaluation of driver interfaces of a type
of electronics-based system that has been recently developed to
assist drivers of both light (passenger cars, pickup trucks, vans,
and sport utility vehicles) and heavy (straight trucks and tractor-
semitrailers) vehicles in avoiding certain types of crashes. The

Changes, Merging, and Backing” was devoted to examining
existing collision avoidance systems. As many SCAS as could
be obtained, including several pre-production prototypes, were
acquired and tested by TRW and VRTC. The focus of testing
was on measuring the performance of the SCAS sensors and
assessing the qualities of their driver interfaces. This paper
documents the results of the evaluation of driver interfaces. A
companion report, “Development of Performance Specifications
for Collision Avoidance Systems for Lane Changing, Merging,
and Backing -- Task 3 - Test of Existing Hardware Systems” [1],
documents the examination of the SCAS sensors and the results
of the assessment of their performance.

This paper is a summary of the NHTSA technical report “A
Human Factors Assessment of the Driver Interfaces of Existing
Collision Avoidance Systems” [2]. Readers desiring additional
details about this research should consult this reference.
PURPOSE



The goals of this research to evaluate the design of existing
SCAS driver interfaces were:

1. To evauate, based upon human factors principles, how
well the driver interfaces of the SCAS studied were
designed. This included examining such issues as the
effectiveness of the interface designs in conveying
informationtothedriver, consideringtheeffectinterface
designs might have on overall driver workload, and
determining whether or not the interface designs would
unduly distract or annoy drivers.

2. To provide preliminary advice to designers of SCAS
driver interfaces regarding potentially desirable or
undesirable features and qualities of the interfaces as
based upon the principles of human factors. The intent
of thisgoal isto promote better driver interface designs
by allowing designersto easily understand the strengths
and weaknesses of current designs.

3. To identify SCAS driver interface design issues that
should be the focus of future research. While existing
human factors literature provides recommendations
about many aspects of man-machine interface design,
severa aspectsimportant to SCAS for automobiles and
trucks are not addressed in the literature. Identification
of important design issues will encourage future
researchers to devel op the needed guidance.

4. To improve methods for evaluating SCASdriver
interface designs.  The development of better,
standardized methods for evaluating driver interface
designs for collision avoidance systems will both
improve the quality of research on this topic and allow
engineers to evaluate their own designs, resulting in
more user-friendly products.

SYSTEMSEXAMINED

For this research, the driver interfaces of seven SCAS were
studied. Of these systems, twowerecommercially availableand
five were pre-production prototypes. The two commercialy
available systems constituted all of the commercialy available
SCAS known to NHTSA at the time of initiation of the study.
The five pre-production prototypes were al of the prototype
SCAS known to NHTSA at that time.

Whilethefocus of this research addressed the use of SCASfor
light vehicle applications (passenger cars, pickup trucks, vans,
and sport utility vehicles, al with gross vehicle weight ratings
below 44,500 Newtons) severa of the systems evaluated were
intended primarily for use on heavy trucks. The heavy truck
systems were included in this study because:

1. Thereare no mgor functional differences between the
operation of heavy truck and light vehicle SCAS.
Heavy truck and light vehicle CAS differ primarily in
the size and shape of the zones around the vehicle in

which driver's awareness of traffic, pedestrians, and

other obstacles needs to be improved. However, the
fundamental functions of the SCAS, detecting objects
around the vehicle (or enhancing driver vision) and

conveying information to the driver are the same for

both heavy and light vehicles.

2. Examining many systems allowed for a better
understanding of the available and desirable
capabilities and qualities of SCAS. Examining
multiple systems maximizes the range of system
capabilities seen and makes it less likely that an
important capability may be overlooked. In this study,
although all available SCAS intended for use in both
heavy and light vehicles were examined, there still
were not very many systems of each type examined.

The objective of this research was to report findings related to
the CAS driver interface. However, due to the methodology
used in this study the performance of a system'’s driver interface
was, to some extent, intertwined with the performance of that
system’s sensors. This study examined SCAS as whole units.
No attempt was made to disassociate a system’s driver interface
from a system'’s sensors (as could be done by, for example,
connecting a driver interface to an “ideal” sensor). Therefore,
to allow readers to bettannderstandeach SCAS, a brief
summary of the most important characteristics of each system’s
sensor performance is included below. This material was taken
from the “Development of Performance Specifications for
Collision Avoidance Systems for Lane Changing, Merging, and
Backing -- Task 3 - Test of Existing Hardware Systems” [1].
Readers desiring more information about the performance of
each system’s sensors or how these data were gathered should
consult this reference.

Seven SCAS were examined in this study. These systems were
designated using letters as Systems A, B, antdrBugh H.
(System C was a pre-production prototype that originally was to
be included in the study. However, due to delays in obtaining
the system, it was not included in this report.)

Table 1 summarizes general characteristics of each SCAS
studied. The table shows whether or not each system was a
prototype or commercially available, whether or not each system
was originally designed for a light vehicle, whether the sensor
detection zones covered only the left, only the right, or both
sides of the vehicle, and the technology of the sensors. The two
rightmost columns show the time that it took for each system to
react when an object moving parallel to vehicle entered (Delay
Time) or exited (Persistence Time) the sensor’s field of view.
These columns are shown since they could have a substantial
impact on a driver’s perception of a warning signal provided by
a SCAS. Due to problems with the sensors for System A, delay
data were not able to be collected for this system.



TABLE 1. Characteristics of SCAS Studied

SCAS Prototype For Light Sides Covered Sensor Delay Time Persistence Time
System? Vehicle? Technology

A No No Right Ultrasonic -- --

B Yes Yes Right Radar 0.07s 0.51s
D Yes No Right Radar 0.52s 0.12s
E Yes No Right Radar 0.62s 123s
F Yes Yes Both Infrared 0.04s 0.92s
G Yes Yes Right Radar 0.46 s 0.54s
H No No Right Radar 1.03s 1.80s

METHODOLOGY USED TO ASSESS THE DRIVER
INTERFACES OF EXISTING SCAS

The principal data collection instrument used to perform a
human factors evaluation of existing SCAS was a “Human
Factors Checklist” titled “Descriptive Profile, Human Factors
Assessment, and Operational Judgements of the Collision
Avoidance System Driver/System Interface”. The checklistwas
originally developed by COMSIS for NHTSA as part of the
heavy truck near object detection system study described in the
report titled “A Study of Commercial Motor Vehicle
Electronics-Based Rear and Side Object Detection Systems”[3].
The development of the Human Factors Checklist accompanied
an effort by COMSIS to define the requirements for driver
interface design for collision avoidance systems as outlined in
“Preliminary Human Factors Guidelines for Crash Avoidance
Warning Devices” [4]. The checklist was modified for this
program by R & R Research Inc. and NHTSA's Vehicle
Research and Test Center (VRTC). A copy of the checklist used
in this study is included as an Appendix to this paper.

In an effort used to reduce the large quantity of data generated
by the Human Factors Checklist, a scoring system was used.
The scoring system used was originally developed by COMSIS
and was modified for use in this program by VRTC.

HUMAN FACTORS CHECKLIST: GENERAL
CONCEPTS - The Human Factors Checklist was designed to
be used both as a research device and a screening tool. This
document served as a tool for the collection of qualitative and
gquantitative data characterizing SCAS interfaces and their
associated visual and auditory information displays and controls.

The checklist was based generally on accepted human factors
principles found in handbooks such as “Handbook of Human
Factors” [5] and “Human Factors Design Handbook” [6] as well
as on accepted automotive practices set forth in the Society of
Automotive Engineer’'s (SAE) Recommended Practices.

However, in many cases, guidelines were lacking in necessary
areas important to the design of SCAS driver interfaces. Inthese

cases, guidelines were extrapolated and judgements as to what
design features were most appropriate based on the authors’
extensive experience testing collision avoidance systems.

The checklist contained three sections. Section A was a
descriptive profile which addressed the operation of the system
hardware and driver displays. Section B consisted of an
assessment of the extent to which the visual and auditory
displays conform to established human factors guidelines.
Section C consisted of a questhaire used by human factors
experts to assess the design of the driver interface after having
driven with the systems. Overall, the checklist provided a means
by which the merits of the driver interface could be assessed.

The term “crash avoidance warning” was used during this
research to refer to any information which a system provides to
the driver to assist in preventing a collision. The information

content of the warning is dependent on the category of the
system. Crash avoidance warnings are divided into two
categories: 1) cautionary and 2) imminent.

Cautionary crash avoidance warning information is any
information provided by a system which warns the driver of a
potentially dangerous situation (i.e., an obstructing vehicle in an
adjacent lane when considering changing lanes). The term
“imminent crash avoidance warning information” refers to any
information which a system might provide to warn the driver of
an impending collision.

Two test vehicles were used in this study: a 1991 Acura Legend
and a U.S. Army High Mobility Multi-Wheeled Vehicle
(HMMWYV). The passenger car, shown in Figure 1, was used to
make measurements and gather information for Sections A and
B of the Human Factors Checklist for each SCAS. The
HMMWYV provided for testing, shown in Figure 2, was fitted
with an ambulance body. To obtain the data needed to complete
Section C of the checklist, both the HMMWYV and the Acura
Legend were equipped with the SCAS and then driven by two
human factors experts The ambient noise levels for both
vehicles were recorded at idle and while driving at a speed of 55
miles per hour and with the vehicle windows up and down.
Noise readings were taken at the driver ear point. These ambient
noise data are listed in Table 2.



TABLE 2. Test Vehicle Ambient Noise Data(dB(A))

Acuralegend HMMWYV
Windows Up Down Up Down
Idle 47.6 49.7 71.6 71.6
55 mph 64.8 69.0 85.0 86.0

SECTIONA: DESCRIPTIVE PROFILE - Thepurpose
of the descriptive profile was to record objective information
regarding system operation, sensor configuration, and physical
and functional characteristics of the visual and auditory driver
displays and controls. These data were collected for use in
evaluating the appropriateness of characteristics of the
driver/system interface. This section was completed for each
system by the same human factors expert. Section A of the
Human Factors Checklist consisted of two parts: “General
Information” and “Checklist of System Features,” which were
completed for all systems.

The information used to complete Section A was gathered from
the documentation provided by the manufacturer (if any) and by
examining the systems while they were installed on the Acura
Legend test vehicle with the systems operational. Data were
collected with the veahle gationary and in a lab setting.
General information was recorded about the systems including
the type of sensor technology used, the size of detection zones,
and the type of media used for the manufacturer's
documentation. Detailed information was collected to define the
characteristics of each system’s visual and auditory displays.

Measurements of maximum display viewing distances and
control reach distances were recorded based upon the
manufacturer's suggested location of driver/system interface
components. If no suggested location of the interface was
provided by the manufacturer, a central location on the
dashboard was used. Measurements were also taken to define
the physical characteristics of driver-operable controls. A short
list of questions was used to determine whether or not systems
incorporated certain features.

SECTION B: HUMAN FACTORS ASSESSMENT -
The purpose of the humaactors assessment was to examine
the
extent to which the design of a particular SCAS driver interface
conformed to SAE Recommended Practices and accepted human
factors design principles. These objective data provided a means
for making relative comparisons among systems. Section B of
the Human Factors Checklist was completed for all systems.

Section B contained two types of questions. The majority of
guestions required “yes” or “no” answers. This type of question
was used to collect information on cautionary and imminent
visual and auditory crash avoidance warnings, visual and
auditory system status displays, manual controls, legends, and
system documentation. Appropriatgqresses to these questions

Figure 1. Passenger car used as primary test vehicle
(1991 Acura Legend)

L

Figure2. HMMWYV test vehicle

were determined based on available SAE Recommended
Practices and on gutines and design criteria contained in
various human factors references such as “The Handbook of
Human Factors” [5] and the “Human Factors Design Handbook”
[6]. The second type of question used a 5-point scale to allow
the human factors expert completing théstion to judge the
extent to which SAE Recommended Practices and human factors
design principles had been effectively applied to visual and
auditory warnings.

The information used to complete Section B was gathered from
the documentation provided by the manufacturers (if any) and by
examining the systems in operation while installed on the Acura
Legend test vehicle. The data for Section B were collected with
the vehicle stationary in a laboratory.

SECTION C: OPERATIONAL JUDGEMENTS -
Section C consisted of a subjective assessment of each driver
interface performed by two human factors experts after having
driven with a system over a fixed route. This subjective
assessment was completed for all systems. The subjective data
collected hcilitated the assessment of each system’s driver
interface from the human factors experts’ point of view and



provided ameans for comparison of this subjectiveinformation
with objective data collected in other parts of the checklist.

Section C consisted of a two-part questionnaire containing a
static evaluation and a dynamic evaluation. Section C was
completed for each systemeight timesaccordingtothefollowing
2X 2 X 2 matrix:

2 Human factors experts

2 Test vehicles (1991 Acura Legend, HMMWV)

2 Lighting conditions (daytime, nighttime/darkness)
Therefore, each expert completed a total of eight driving
sessions with each system.

To complete Section C of the Human Factors Checklist, the
expertsfirst reviewed the manufacturer's documentation (if any)
and became familiar with the operation of a system through
examination of the device with the test vehicle stationary and the
system operational. Next, Part | of the questionnaire, which
addressed the characteristics of the driver/system interface which
could be observed in a static setting, was completed.

The experts then drove the defined test route with a system
installed in a test vehicle. The experts drove a defined route in
traffic extending between and around East Liberty and
Columbus, Ohio in daylight. This route took approximately two
hours to traverse and contained equal amounts of driving time on
arterial streets, freeways, and rural highways. The route was
repeated at night, per the matrix listed above.

Part 1l of Section C was completed after the test drive had been
conducted. In Part Il the experts responded to questions based
on their driving experience regarding the ease of perception of
warning signals, distraction and annoyance experienced,
effectiveness of warning presentations, and system use.
Questions also were asked to ascertain whether the experts
encountered any problems while driving with the system and
requested suggestions for possible improvements to the design
of the interface and the system as a whole.

PROCEDURESFOR SCORING THEHUMAN FACTORS
CHECKLIST

The Human Factors Checklist responses for the SCAS tested
contain a considerable amount of data. Scoring was used in an
attempt to summarize this large amount of data and assess which
driver interfaces had more appropriate features.

Given the state of the art in human factors, the checklist cannot
be scored based solely upon information contained in human
factors manuals and guidelines. These sources are general
guidelines for equipment design and do not provide specific
details for SCAS design. Also, handbooks do not cover all
design features and do not provide weighting criteria to
distinguish the more important guidelines from ones of lesser
importance for a particular algation. Human factors
guidelines were used here to the maximum extent possible to
determine the desirable chateristics of a driver interface.
However, where there were gaps in the existing guidelines, the
authors’ judgement based upon experience with a substantial

number of these interface was used.

The scoring system only addressed the mostly objective data
contained in 8ction A, Descriptive Prdé, and Section B,
Human Factors Assessment, of the checklist. Subjective data
from Section C, Operational Judgements, were not used.

The scoring system used had six objective categories and one
subjective one. The six objective categories were:

Overall Design

Visual Warning Display Conspicuity

Visual Warning Display Comprehensibility

Audio Warning Discriminability and Compreheribif
System Status Display Conspicuity and
Comprehensibility

Control Ergonomics

subjective category was Expert Professional Judgement.

arwnpe

6.
The one

A score was calculated for each of the listed categories for each
SCAS. A different scoring system was used for each category.

However, the same basic technique was used to develop the
scoring systems for the individual objective categories.

First, the desirable characteristics of a SCAS driver interface
were listed for each category. Then, each listed characteristic of
an “ideal” collision avoidance system driver interface was
ranked as being either of “high” importance or of “low” or
“less” importance. Since no basis is provided in the human
factors guidelines to perform this ranking, the authors’
judgement was used. Each listed desirable characteristic of a
system (e.g., the driver interface included a visual warning
display) was then associated with one or more Human Factors
Checklist questions. For each question, the response which
indicated that the characteristic of the system being evaluated
was a desirable one was identified.

Weights were then assigned to each checklist question.
Questions associated with desirable interface characteristics that
were ranked as being of less importance received one-half the
weight of questions associated with desirable interface
characteristics that were considered to be of high importance. In
cases where multiple questions were associated with one
desirable interface characteristic, the weight assigned to each of
the multiple questions was reduced. This was done so as to keep
the total weight associated with each desirable interface
characteristic the same.

Two sums were then calculated for each category. The firstsum,
Score Weights or W, was incremented by the weight assigned to
a question if the answer to the question was the “good” answer.
The second sum, Total Weights or T, was incremented by the
weight assigned to the question unless the answer to the question
was Not Determinable (ND) or Not Applicable (N/A). The
score for each category, S, was then calculated by the equation:

s-100 WV
T

Tables 3 through 8 list the characteristics of andfitt8CAS



driver interface that were selected for each of the objective
scoring categories.

The one subjective category, Expert Professional Judgement,
involved a subjective assessment of the driver interface by a
human factors expert. The same human factors expert
completed Section B of the checklist for all SCAS interfaces
evaluated. The Expert Professional Judgement category score
was calculated only from questions that were answered using a
5-point rating scale (with five being the highest possible score).

To calculate the score for the Expert Professional Judgement
category, each oneto fiverating scal e question in Section B was
assigned a weight. One standard weight was used except for
cases where two questions were closely correlated. In this
situation, to avoid giving a topic too much importance, each
question was assigned aweight one-half of the standard weight.
Two sums were then calculated for the Expert Professional
Judgement category. The first sum, Score Weights or W, was
incremented by the weight assigned to a question multiplied by
the answer to the question minus one (unless the answer to the
questionwas Not Determinable (ND) or Not Applicable(N/A)).
The second sum, Total Weights or T, was incremented by the
four timesthe weight assigned to the question unlessthe answer

to the question was “ND” or “N/A”. The score for each

category, S, was then calculated by the equation:

s-100 WV
T

TABLE 3. Overall SCAS Driver Interface Design Category

Of High Importance:
1. Provides both audio and visua warnings.
2. Has no more than four levels of visual and auditory
warnings.
3. Provides warnings whenever vehicle isin motion.
4. Automatically indicates system failure to driver.

Of LessImportance:

5. Hasbrightnessand volume adjustments. These do not
allow adjustments below aminimum acceptable level.

6. Doesnot alow driver to adjust sensor sensitivity.

7. Audio warnings sound only when turn signal on or
lane change/merge is being made.

8. Hasatemporary manual override control for auditory
warnings.

9. Presents no information when no objects sensed.

TABLE 4. Visual Warning Display Conspicuity Category

Of High Importance:

1. Display easy to discern in both daylight and darkness
conditions.

2. Thedisplay lineof sight is near theline-of-sight to the
side view mirrors.

3. Lineof sight from driver to display is unobstructed.

4. Display easy to discern in light from specular glare
Sources.

5. The driver can easily discriminate warning display
from other displays.

Of LessImportance:

6. Legends are easily legible in daylight and darkness.

7. Driver has unobstructed view of each legend.

8. Legendsareeasily legiblein light from specular glare
Sources.

TABLE 5. Visual Warning Display Comprehensibility
Category

Of High Importance:

1. Information should be organized to be quickly
obtained while driving.

2. The information coding techniques used should
correspond to population stereotypes (e.g., object
present should be designated by ared light).

Of LessImportance:

3. Thewarning display should belabeled (have legends).

4. Functional legendsshouldbeeasily discriminated from
advertising.

5. Redundant visua information coding should be used.

6. Legends should be near their associated display.




TABLE 6. Auditory Display Discriminability and
Comprehensibility Category

Of High Importance:

1. Themeaning of auditory warningsisreadily apparent.

2. The information coding techniques used should
correspond to population stereotypes.

3. The dominant frequency of the tone is between 500
and 3000 Hz.

Of LessImportance:

4. Thevolumerangeisfrom not more than 90 to not less
than 60 dB(A).

5. The driver can easily discriminate warning display
from other sounds.

6. Complex tones are used for warnings.

TABLE 7. System Status Display Conspicuity and
Comprehensibility Category

Of High Importance:

1. Display easy to discern in both daylight and darkness
conditions.

2. Thedisplay isorganized so that the driver can quickly
acquire system status information while driving.

3. The information coding techniques used are
appropriate for the type of information presented and
correspond to population stereotypes.

4. Systemstatusdisplay can be easily discriminated from
other displays.

5. Driver can easily tell from the display whether or not
the systemison.

6. Display easy to discern in light from specular glare
Sources.

Of LessImportance:

7. The displayed system status information should have
alegend.

8. The status display legend should be easily legiblein
both daylight and darkness.

9. Driver has unobstructed view of each legend.

10. Functional legendsshouldbeeasily discriminated from
advertising.

11. The system status display legend should be easily
legiblein light from specular glare sources.

12. Legends should be near their associated display.

TABLE 8. Control Ergonomics Category

Of High Importance:

1. Controlsare easy to reach and see.

2. Typeof control usedisappropriatefor typeof function
controlled.

3. Movement of controls corresponds to population
stereotypes (e.g., upward, right, or clockwise
movements produce an increase in the value of the
parameter).

4. Controls are coded for discrimination inblind
operation.

5. Use of the control provides appropriate feedback.

6. Controlsareseparatedto prevent accidenta activation.

Of LessImportance:
7. Control setting can be discerned via visual or tactile
inspection.
8. All controls have legends.
9. All control legends are legible in both day and night
lighting conditions.

HUMANFACTORSCHECKLIST RESULTSBY SYSTEM

The Human Factors Checklist used in this study was modified
from its original form developed specifically for use in a study
of heavy truck side and rear object detection systems. In
modifying this checklist for use in this study, many needed
improvements were realized. However, some necessary
modifications to the checklist were not realized until the benefit
of retrospect was acquired upon completion of the current study.

For this study, human factors experts made multipletest runsin
multiple test vehicles in varying conditions of ambient
illumination to evaluate each system’s driver interface. Since
there are a large number of types possible driver interfaces, it is
a large and difficult task to create a tool which can be used to
evaluate all CAS driver interfaces. While the current version of
the Human Factors Checklist is significantly better than the
original version, the wrent research showed that more
improvements are needed. Thus, some limitations are presentin
the current version of the checklist. However, it is reasonable to
expect that as intelligent transportation systems become more
sophisticated, so must the tool for their evaluation.

In general, the Human Factors Checklist proved to be a very
useful tool in this application. The “open-ended” nature of the
qualitative questions contained in Part 1l of Section C facilitated
the receipt of interesting commentsitative of the qgality of
individual SCAS driver interfaces and of system performance.
The topics of some of these comments were not addressed in the
checklist as used in this study. While the checklist was a very
useful analysis tool in this study, the open-ended comments
provided ideas for additional questions and topics of interest
which should be included in future versions of the checklist.
The following discussion of the strengths and weaknesses of



individual systemsisbased primarily on datafrom Section C of
the Human Factors Checklist. The ideas presented were based
on responses to the checklist and a consensus of assessments of
the human factors experts.

SYSTEM A: HUMAN FACTORS CHECKLIST
RESULTS- System A wasacommercially available ultrasonic
SCAS. This system had a single sensor used to create a
detection zone on the right side of the vehicle.

System A: Description of the Driver I nterface- System
A had two parts to its driver interface. A main display unit,
shown in Figure 3, contained both visual and auditory crash
avoidance warning displays and visua system status displays.
The main display unit was mounted at the center of the
dashboard, asshownin Figure4. Commercia advertisinglabels
were omitted from the photographs. An auxiliary display unit,
shown in Figure 5, was mounted at the right A-pillar to provide
the driver with an additional source of crash avoidance warning
information. The appropriate orientation in which to mount the
auxiliary display wasassumed sinceno orientation was specified
in the manufacturer's documentation. No controls were present
to adjust the brightness of visual crash avoidance warning and
system status displays was constant nor the volume of the
auditory crash avoidance warning.




Onthemain display unit was |ocated a crash avoidancewarning
visua display which consisted dd single redLED labeled “NO
TURN!". This display was located on thiar right side othe
face ofthe displg unit. This warning light wuld illuminate
steadiy (i.e., steagburn, no blinking) whenever an obstacle was
present in the detedion zone. An additional visual crash
avoidance warning disptavas locatd at the right A-pillar near
the side viewmirror. This auxiliay display consistedof a
pictorial representation of a roadyweomplete with lanenarking
and ared “X” locakd in the right lane. This red “X” would
illuminate in coordinatin with the visual warning.ED on the
main displa unit to indicate the presemof an obstacle in the
right adjacent lane. The/stem also had an auditpmwarning
which would sound a constant tone whenever an obsiade
present in the detection zone and the right turn signal was
activated. $stem A had two systam status displgs located on
its main displg unit. AgreenLED labeled*READY” which
was located at the centerthieface ofthe unit illuminated to
provide the driver with an indication that thgstam was
receving powe and operational A redLED labeled “FAWLT”
which was located at tHar I&ft side of theface of the bplay
unit would illuminate ony if the g/stam self test detected a
problem with the gstem hardware.

System A: Strengths and Weaknesses of the Driver
Interface- Same problens were obseed with the lgout ofthe
face of themain disply unit. Advertising labels covered a
significant area of theface of the displa and presented
samewhad of a distraction, especigltonsidering tamirror-like
quality of the lettering. More inportantly, the red “FAWT”
LED was rater close to the red warningeD creating the
potentialfor corfusion ofthe driver in tems of detemining
which diglay is presenting a signal. In addition, thmaterial
covering thdace of the displawas sonewhat rélective causing
the potentiafor glare.

Problens were also encountered with the aawyl visual
warning displg mounted at thright A-pillar. Themeaning of
the ymbology of thisred “X” display wasnat obvious to one of
the human factors experts who did nonhderstand what the
“underscore characters under the Xieant. In addition, this
visual display was not bright enough to be seen in all levels of
ambient illumination, especiaylin bright sunlight.

The choice of the color retbr the crash avoidancésual
displays was appropriate and contrasted well with the green
system “READY” LED. The auxiliay visual warnimg display
located at the right A-pillar wa®und to be hefjul. However,
there does not appear to be a gigait bendit provided by the

use of two visud warning displgs (i.e., one at the center of the
dashboard and one at the A-pillar).

The auditoy warning for Systen A was reported to be both
startling and anngng. However, agvith mary of the ystams,
thevolume ofthe auditoy warning was not loud enagh to be
heard under all conddins when drving the HMMWYV. The
presence of a voine control with a reasonable range would
alleviat this problen and accmmodate individual dferences
between drivers with ftfiering perceptual capabilities.
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Figure 3. System A driver interface: Main display unit
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Figure4. System A main display unit as mounted for testing

Thegreen “READY” LED provided drivers with an indication

Figure5. System A driver interface: Auxiliary visual warning
display



that the system was receiving power and fully operational. This
visual display was perceived as being very bright at night and
thereforewas found to be asource of distraction. The provision
of abrightness control for the driver would have alleviated this
problem. Thered “FAULT" LED was used to indicatgstem
failuresto the driver. This displawasfound to be dffiicient,
however, itmay not be necessano have separate ystem
power” and faultfailure indication”dsplays. A canbined
display which would illuminate green when theystem is
receiving power and operating propgednd would change to
yellow whenaproblam was detected with the/stem hardware
may bemore suitable The suggestia of using the coloyellow
to indicate gstam failures stens from the desire tanake the
displays easW distinguishablefrom one another, andhus
making the gstem failure display a diferent color than the
visual warning dispf The choice of igen for the gstem
“READY” LED was juded to bevery appropriate.

Overall Assessment of the Driver Interfacefor System
A - Mary problems associattwith the hardware pésrmance
of System A were observed whicHfacted the drivers’ use, and
in mary cases, tolerance, of thgstams. Mary false alams and
mary missed vehicles were encountered witlisteam A which
was chaacterized as having eximeely variable peormance.
The auditoy warning wasound to be sigficantly annging,
especial in the passenger car test vehicle which asalver
level of ambientnoise in the cab than did the HMMWWisual
warningscause by false alams at night were alsfmund b be
annging to the humanfactors experts. This prolfecould be
alleviated ly designing the sensor hardware fitier out
stationay objects to prevent thgsten fromwarning the driver
of non-threatening objects such astigoles, trees, and guard
rail. In addition, warning presentations were noticedelayed
from the time that an ga@cent vehicle actugllenteredthe
detection zone thahé warnings were ften consideredybthe
experts to be not uld.

Overall, the design of the displavas considered to be largely
appropriate and eas$o use. The iformation presented ythe
displays was found ty the experts to be gaso understand,
despite the cdmision about theneaningof the ymbology used
in the auxiliay visual warning disp The auditory was
detemined to be excessily loud for the passeer vehicle
application (Theystem was intendedor use in heawtrucks).
Same improvaments could bemade tomake the dispiged
information more eag to perceiven all conditions, such as
providing a volume control and a brightness control or
autamatically controlled brightness with appropriate range.

SYSTEM B: HUMAN FACTORS CHECKLIST
RESULTS - Systan B was a prototpe radatbased SCAS
intendedfor use on light vehicles. Thigysen used a single
sensor to create a detection zone to the right sidegétticle.

System B: Description of the Driver Interface- System
B had two parts to its driver inface. A contrbunit, pictured
in Figure 6, was mourted at the center of the dashboad in a
similar fashion to §/stan A, shown in Figure 4. The crash
avoidancewarnirg display, pictured in Fgure 7, wasnounted
at the bott of the right sideview mirror (as in Fgure 8).
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Figure 7. System B driver interface: Crash avoidance
warning visual display

Figure 8. System B crash avoidance warning visual display
as mounted for testing

The control unit contained contrdier system power, “buzzer
level”, and brightness ahe crash avoidance warning visual
display. A label was providefior each control. Thisaritrol
unit also contained annader sten power LED which was
illuminated whenever theg/stam was receiving power.

The crakavoidanewarning displg wasmounted at the bottom
of the right si@ view mirror to provide the driver with crash
avoidanewarning irformation while looking at tamirror. This



warning light would illuminate steadily whenever an obstacle
was present in the detection zone. The system aso had an
auditory crash avoidancewarning which would sound aconstant
steady tone whenever an obstacle was present in the detection
zone and the right turn signal was activated.

System B: Strengths and Weaknesses of the Driver
Interface - The visual crash avoidance warning display was
found to be useful and in general not distracting. The color and
location of the warning display at the right side view mirror
made the warnings easy to understand and easy to perceive.
However, some difficulty was encountered in perceiving the
visual warning display during the daytime due to insufficient
brightness. This fault should be eliminated by increasing the
upper limit for adjustment of the brightness level of the visual
warnings. Also, theflat surface of the cover of the visual crash
avoidance warning display was found to be asignificant source
of glare in conditions of bright sunlight and therefore was
somewhat of a distraction. This problem at times was severe
enough that it was difficult to distinguish whether or not the
warning display was illuminated. Resolution of this problem
may be achieved by replacing the smooth flat cover currently
used on the display with a curved one. Overal this visual
warning display was found to be simple and appealing.

The design of the auditory warning for System B was found to
be easy to understand. The characteristic of the auditory
warning being active only when the turn signal was activated is
considered to be a good feature. However, one of the human
factors expertsdid report that the pitch of the auditory warning
was too high and occasionally was dlightly irritating. In
addition, the volume of the auditory warning was not high
enough to be audible under all ambient noise conditions
experienced in the HMMWYV. The use of a lower auditory
warning tone and continuously adjustable volume control with
anincreased upper limit of volumewould aleviatethis problem.

System B provided only visual presentation of system status
information. The single system status visual display was found
to be sufficient as an indication of the system being powered.
However, the color chosen for the display, amber, is considered
to be less appropriate for use in indicating to the driver that the
system is operating properly than the color green. Since amber
or yellow has an inheremieaning of “caution’the drivermay
mistakeny assune that the gstam is indicating a condition of
systan failure. This gstan did not appear to preide any
indication ofsystem failure. In addition, thélat suface ofthe
powerLED was a source of glare in bright sunlight.

The driver intefacefor System B provided a control which
allowed the driver to turn thegstem on or df at will. Although

the desigrof the control was acceptable, it is believed that the
driver should not be given the abjlib turn the warning gstem

off. The sane principle applies to the use of controls which
allow the driverd disabkethevisud and/or auditoy warnings at
times when he or she knows an obstacle is present. Controls
with this type offunction place the responsibiliof returning

the gstam to a condition in which it is activgl providing
warnings on the driverAn alternativamethod ofaccanplishing

the provisionof a weay for the driver to “block out” when they
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are judged to be unnecessanould be to providabutton which
would temporarily disable the auditgrwarnirgs for a short
period oftime (e.g., 10 seconds) atmis when the driver is
aware of an adjacent obstacle and doast require an
announcment ofits presence. Thenportant idea about this
type ofcontrolfunction istha the system would re-activate the
warnings on its own, requirig no additional control
manipulations # the driver. Thidunction is conslered not
necessarforvisual warnimg displays since thdriver canignore
them or avert visual attention awérom the displg.

A knob was used to allv the driver tovary thevolume ofthe
auditoy crash avoidance waings. Three undesirable
characteristics werbourd to be associated with the design of
this control. The design afis control waglawedin that the
directions of motion for varing the volume contradicted
popuation stereotpesfor this fpe ofoperation. The control
requred the driver to rotate the knob in a counter-clockwise
direction to produce an increase in voki of he auditory
warning, or conversg] to rotate the knob in a clockwise
direction to decrease the vate. The namal conventiofor the
direction ofmotion ofa control used tincrease the value af
variabk paranete is to rotate the contrahiaclockwisemanner.
This problencould be easfiremedied ly reversing the direction
of motion of the control. In addition, gnlthree levels of
auditory warning volume were prgided. These leelsmay not
be suficient to acconmodate thédull range ofdriver perceptual
capabilities and idividual differences. Thefere, continuous
control of the auditoy warning volune, rather than discrete
control, would be prferable. Finall, no auditoy feedback was
provided when adjusting the vahe of the auditoy crash
avoidance warningDesigninghe volune controlfor the such
that a short saple ofthe warning toaispresented to the driver
whenthecontrd is manipulated would assist in the settinghaf
warning volume to a caifortable level.

A third contrd provided by Systen B was a bghtness control
for the visual crash avoidance warning digplahe design of
this contrd complied with accepted principle®r control design
in tems of direction ofmotion and shape of the control (it was
visually distinguishal# from the volume and power controls).
However, three degh problens were idenfied. First, the
contrd was not distinguishabfeomthe volune (“buzzer level”)
control in a tactile sense. The provision afntrol shape
featureswhich allow the driver to distinguish betweaeontrols
by touch facilitates ease o€ontwl discrimination in blind
operation(e.g., in darkness, at night). Placimgre distance
betwea the brightness and vahe controls would also assist
their blind operation as well as assist preventing their
inadvertent activation. Secoggdho indication otontrol status
was provided to allow the driver to visyatletemine the status
of the control setting. Providing markings onthe disgay to
indicate thaminimum, maximum andmedian of the djustable
range of the contol would be helful to the user.Lastly, no
visualfeedbak was praided when adjustipthe brghtness of
the visual crash avoidance displanless a arning was being
given at the time the brightness was beingasted. Thisneant
that the driver could not adjust the brightness of the Vistash
avoidance warnings bare initiating tavel, but rather would
have b wait until an obstacle was encountered which activated



thevisual warning display in order to adjust the brightness of the
display to an acceptablelevel. Thisproblem could bealleviated

by activating the display when the brightness control is
manipulated to allow the driver to observe the intensity of the
visual warnig display or to pravide a “pushto-test” kutton
which would allow the driveto activate the visual and auditory
cras avoidane warnings for a short tine (eg., 5 seconds) and
observe the féects of control manipulation in adjustig the
levels of the displgis and ensure that the levels are acceptable
andfacilitate quick perception of crash avoidance warnings.

The functions ofeach ofthe three controls contained in the
driver inteface were iderfied through the use adhesive
labels. These labels wereff3ciently eay to read, but were
found to be susceptiblo glare in conditions dbright sunlight.
Also, the labels were not bacKidr viewing in conditbns of
darkness and thus were noffétiently visible at night.

Overall Assessment of the Driver Interfacefor System
B - The overall design ddystam B was judged Ypthe experts
to be sinple and straighibrward. Thecras avoidanewarning
information pravided ty the ystem was juded tobe eag to
understand, but not alwsiuséul sineethe sensor hardware did
not filter out stationar objectsand therdore producednany
unnecessar warnirgs. These unnecesgawarnirgs were
primarily visual, since the auditpcrash avoidance warning was
only adive when the turn the signal was activated. The
unnecessar visual warnigs werefound to be a saoe of
anng/ance, especiallat night However, the cause dhis
annganeisconsidered to be a sensor prabieot an interface
one. Overall, the hmanfactors expertbound the design dhe
driver inteface to be appropriate and acceptable.

SYSTEM D: HUMAN FACTORS CHECKLIST
RESULTS - Systan D was a protgtpe Doppler radabased
SCAS. This gystan had a single sensor used to create a
detection zone located to the right side of the vehicle.

System D: Description of the Driver Interface- The
driver intefface for Systam D consisted oé single display unit,
shawvn in Hgure 9. Canmercid advertising labels heve been
omitted from the photgraphs.

Systan D had one ystem status dispka The displs consisted

Figure9. System D driver interface
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of an amber LED labeled‘power” which would illuminate to
indicate that theystem wasreceivingpower. One control was
presenon theface othe displg unit. Thiscontrd wasrequired
to be adjusted toone of two settings during the initial
corfiguration ofthe senso hardwareand was not intendetbr
use ly the driver durirg nomal operation.

The crash avoidance warnindammation visual presenti@nfor
Systeam D had two parts. Thigrst pat consisté of threeLEDs
aligned verticaly at the center of thiace of the displaunit
which weeusaltoalert the driver to the presenceanfadjacent
obstack and its direction ofmotion with respect to the subject
vehicle (i.e., the vehicle on which thgstam is installed) The
amber-colored_ED labelel “target wasused to indicate that an
objed was present in the detection zone a detecte adjacent
vehicle was goindaster than the sigrt vehtle, the redED
labeled“closng” would illuminate in addition to thétarget”
LED. Similarly, if a detected gdcent vehicle was traveling at
a slowe speda than the sulject vehicle, the gredrED labeled
“receding” would illuminate in addition to the “target’ED.

The second part dhe crash avoidance warning visual display
consisted of abhCD “speed” displg locatel on the left half of

the face of the displaunit. This displg would present the
speed othe subject vehiclesthen no objects were detected by
thesystem(i.e., the“target’LED was éf) and would disphkathe
speed of the detected velgiavhen an aghcent vehicle was
present (i.e., the “target’ED was illuninated).

Systan D also had an auditpwarnirng which would sound a
constant high-pitchitone when a detectedjadent vehicle was
traveling at least 16phfaster than the subject vehicle.

System D: Strengths and Weaknesses of the Driver
Interface - The LEDscomposingthe cras avoidance warning
visual displg were reported to b@d bright during nighttne
driving conditions. The red “closyfi LED was reported tbe
especialy bright and distracting at night. THearget” LED
which indicated that an gatent vehicle had been detected was
the same color (amber) as the powerED presenting potential
source ofcorfusion The choice ofthe color greerfor the
“receding’LED which wagatt of the crash avoidance warning
visual displg was considered to be inappropridterthemore,
the needor the “closing” and “receding” was questioned and
preliminarily judged to be unnecesgar

The human factors experts reported that while driving with
System D thevisual crash avoidance warnib§Ds woud flash
only momentarily to indicate the presence of arjackn vehicle

in the detection zone. The excessivahort duration othe
visual warning presentation weansdered to be a disadvantage.
In addition, thevisual warnimgs LEDs would continue tflash
erraticaly for sane secondsafter a vehicle had exited the
detection zone creating a situatfon potential drivecorfusion
and lack of cofidence in the warning presentation.

The LCD speed displayas considered to be an unnecessary
source ofcorfusionfor this SCAS The display would present
the actual speed miles per hour of an gacent vehicle when
one was present and would present the spedbeo$ubject



vehiclewhen no adjacent vehiclewas detected. However, itwas
not obviouswhen thedisplay switched fromdisplaying the speed
of the subject vehicle to displaying the speed of an adjacent
vehicle. Dueto the confusion associated with this speed display
and the lack of agood reason for its presence, it was considered

unnecessary.

Theauditory warning for System D consisted of aconstant high-
pitched tone which was presented when a detected adjacent
vehicle was traveling at least 10 mph faster than the subject
vehicle. The nature of the auditory warning and the conditions
which triggered its presentation were not obvious since no
documentation was provided with the system. The lack of
information about this auditory warning which provided
different information than the visual crash avoidance warning
displays caused some confusion for the human factors experts
when driving with the system. In addition, the human factors
experts reported that the volume of the auditory crash avoidance
warning was not high enough to be heard while driving the
HMMWY which produced extremely high levels of ambient
noise in the cab ranging from 71.6 to 86 dB(A). The use of a
volume control with a reasonable range would contribute to
eliminating this problem.

System D had one system status display which provided the
driver with an indication that the system was receiving power.
Since this display presented only an indication that the system
was in operation and provided no indications of system failure
or any other type of information, it was judged that a more
appropriate color for the display would have been green.

A single control labeledffont/back” was presenhdheface of
the display unit. This control was used in the initial
corfiguration ofthe sensor hardware and was intendedfor
use ly the driver. Since this control was not intendeduse by
the driver, but was intendédr installation purposes gnlit was
not appropriatéor the control to be located on thace ofthe
display unit.

Overall Assessment of the Driver Interfacefor System
D - Overall, the driver intéacefor System D was onfusing.
Theinformation presentd by thesystam seened to bemore than
was necessgr Thel CD speel display was judged unnecesgar
In addition, the neeéor provision of drectional iformation
regarding thenotion ofadetectd vehicle was questioned. The
human factors experts considered the presentatiorthcf
information to be cofusing and unnecessgr Howerer, a
detailed anafsis ofthe nees of the driver in tems of what
information is necessgfor the drive to efectively avoid lane
changemherge collisions should be germed.
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The area ofheface ofthe displg unit surrounding theisual
displays was rélective andcreated a source of glare in bright
sunlight. The exterior housing diie g/stem also rélected
sunlight causing distraction and agaace of the driver.

Despit the mary problems associated with &driver interface
for this s/stem, System D did have amajor advantage over other
systamns. This advantage was the capabjliof the sensor
hardware tofilter out stationar objects This capability
samewhat reducedhe incidence otinnecessgrwarnings, but
the reductin was not pronounced because of other proble
with the sensor hardware. A dofaii was associated with the
method used tofilter out statimary objects in that in
accamplishing thisfunction also ignored objects traveling at
exacty the sane speed as the gelot vénicle. Ths method
creates the gential for collision in the event that an ptent
vehicle that the driver is not awareisftraveling &the same
speed as the subject vehicle.

In summary, the driver inteiace for Systen D requires
significantmodifications to ginplify and mprove the exchange
of information with the drier.

SYSTEM E: HUMAN FACTORS CHECKLIST
RESULTS - Systan E was a protepe radatbased SCA.
This g/stan had a single sensor used to aeeadetection zone
located to the right side of the vehicle.

System E: Description of the Driver Interface - The
driver interfacefor Systam E consisted of a single disglanit
intendedfor use in heay trudks, shown in Fure 10. The
display unit was mourted at the center of the dashboard,
similarly to tha shownfor System D in Figure 4. Comercial
advertising labels have beemitted from the photograph.

Systan E had oneystan status dispka The displg consisted
of an greenLED labeled“PWR” which would illuninate to
indicate that theystam was receiving power.

The crash avoidance warnimgud displeysfor System E were
only partially used sinethissystamand its driver intdiace were
intended for use in heaywtrucks with trailers. The redED

labeled“CAB” was used to indicate that an obstacle had been

detected. Th&ED labekd “TRLR” (trailer) was not used in
this passenger car application and was inoperable destigg.
The “CAB” LED would remain illuminated as long as the
presence of an obstacle was detected.

This g/stam also had an auditpkvarning which would sound a
condant high-pitched tone when an adjacent vehicle was
detected and the rijturn signd wasactivated A toggle switch
labeled“BP” allowed the driveto switch between having the
auditoly warning operational at allrties or ony when the turn
signal was activated.



System E: Strengths and Weaknesses of the Driver
Interface- Thevisual crash avoidancewarning display was not
sufficiently conspicuous during daytime driving due to
insufficient brightness of the LED and glare. Thewarning LED
was aso too directional and required direct glances
perpendicular to the face of the display in order to adequately
perceive avisua warning signal. Thevisua warning LED also
remained illuminated for a significant period of time after an
adjacent vehicle had left the detection zone causing some
confusion for the experts while driving with the system.

The auditory crash avoidance warning for System E was
reported ty the experts to be both “pdidly loud” and
“piercing”. The pitch ofthe warning tone was considerede
excessrely high, thus causigdriver disconfort ard anng/ance.
The use o& lower tondor the auditoy warningcombined with
avolume control would sigrfiicantly improve tlecurreridesign.

The use of the color greetior the ystem statusLED labeled
“PWR” was camsidered appropriate. However, due
insuficient brightness, fliicultly wasencountered whenying
to discern whether or not th&D was illuminated n conditions
of high anbient illumination. ThisLED wasalso judged to be
too brightfor nighttime operation and was a soeio anng/ance

to

for the driver. The use @ brightness control should alleviate

this problen.

Thesensoselectia rotary knob (used to allow selecégensor
activation in themultiple-sensor heawtruck application) was
unnecessarfor this passenger car application sinceyoohe
sensor was used. Thmeanings of the labelor this control
were reported to be unclear.

The toggle switch labelédBP” was allowed the driveo switch
betwe@ having the auditgrwarning operationaltall timesor
only when the turn signal was activatethe orientatian of this

toggle switch should have been vertical rather than horizontal to

agree with accepted manfactors principles.

Overall Assessment of the Driver Interface for System
E - Overall, the driver intéacefor this protoype was judged to

need a varigtof generarefinements tamake the inteflacemore

Figure 10. System E driver interface
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effectivvand userfriendly. The visual crash avoidagwarning
displays requirednodifications tomake then more perceptible
in a wide range ofrabient light conditions The tone of the
auditoy alam wasunnecessaglhigh. Sane ofthe problens
with the auditoy warning could haveeen solved with a volme
control. In general, the driver interface for System E needs
mary refinements béore it should be released as anceercial
product in order tonake itmore dfective.

SYSTEM F;. HUMAN FACTORS CHECKLIST
RESULTS- Systan F was a protgpe irfraredbased SCAS
intendedfor use on both light and heay vehicles. Thisystem
had left and right side sensors creating detection zondmth
sides of the vehicle.

System F : Description of the Driver Interface - The
driver intefacefor System F consisted of two identical crash
avoidance warning visual disglanits likethe one pictured in
Figure 11. One dispjaunit received signaligom the Idt side
sensor and wasounted verticaif at the Iét A-pillar as pictured
in Figure 12. The other received signdlem the right side
sensor and waswounted on the rigt A-pillar in a smilar
fashion Both of the visual displaunits contained a bisystem
statusLED located at the top of the displaThisLED would
remain illuminated to indicate that the/stem was receiving
power and wald turn df if the ysten detected an internal
failure. Visual crash avoidance warningamation was
presentedythree yellow LEDs located on the lower half of the
display unit. TheseLEDs illuminated ginultaneous} to
indicate that an obstacle had been detectg¢dcadt tothe
vehicle. An @ening in the center ahe visual dispha unit
housed a light sensor whiagheasured mbient illumination
levels and autoatically adusted the intensit of the LEDs
accordimgly. The gstan had no auditgrwarnirgs of ary kind.

System F: Strengths and Weaknesses of the Driver
Interface- The visual crash avoidance warnifigsthissystem
were considered to be welbdated and very visible when
pointed direcy} at the driver. However, this visibijitwas
significantly reduced ithe axes otheLEDs were not exatl

aligned with thedriver’s line ofsight. This'highly directional”

Figure11. System F driver interface



Figure 12. System F driver interface: left side visual display as mounted for testing

quality of the display LEDs is expected to be somewhat
problematic with wide spread use of this type of visual warning
display because the display must be aligned for a particular
driver in order for it to be sufficiently visible and must be
realigned for different individuals driving the same vehicle.
Some method of moving the LEDsto adjust their direction such
that it lines up wih the driver'sline of sightmust be provided,
much like the control of thegsition of a sideview mirror in a
passenger vehicle.

The use ofyellow for the crash avoidancearning visual
displays is considered to be less approgriftan red for this
type of systen. The color red hagmherentmeanirg for the
general population and théoee is believedto be amore
effective wg to presenthis type of warning iformation. The
use ofthreeseparag LEDs to present the s@ warningnessage
simultaneoust is also questionable. 8 corfusion was
experiencedytheexpertsnitially in detemining whether these
threeLEDs presented three separate piecesfofrimation

to the driver or whether tlgevere intendéto constitute a single
display. The latter was deduced to be the apmdtnction of
the displg. Since the threeEDs weredesigned to illuninate
simultaneoust to presentvisud warning corfusionmight be
reduced i cambining them or placing a cover or shield over the
LEDs tomake then appear to the driver as a single digpla

The visual crab awidance warnig displays werefound to
excessival bright at night and presented n¥what of a
distraction to the driver. TheseEDs were alsfound to betoo

dim for suficient viewing in bright sunlight.

This g/stamn had no auditgrcrash &oidane warning displays.
This lack ofan auditoy warning displg wasconsidered to be a
disadvantage. Accepted man factors principles suggest the
use ofredundantisual and auditgrdisplays for the

presentation ofwarning information In order to preent
distractionand anng/ance ofthe driver ly presenting auditory
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warnings when the dver is not intendig to changdanes, the
preferredmethod of mplementing a auditoly warningfor this
type of ystem would be to design it todactive (i.e., inamode
to produce warnings) onlwhen the turn signal is activated.

The driver intefacefor System F contained a visualystem
status disphka within the crash avoahce warning display
mounted at the f& and right A-pillars. This blu&ED was
positicned above the thregellow crash avoidance warning
LEDs as pictured in Bures 3.10 and 3.11. his LED was
judged to be too di for eay viewing in dgtime lighting
conditions adtoodirectional This disply caused soe degree
of initial corfusionfor both human facbors experts who could
naot figure out wha this blueLED was supposed toean (No
user'smanual was availablior this ystem.)

The use ofhisdisplay asanindication of system status at the A-
pillars with the crash avoidance warning digpaas considered
to be a good desidgeaure, although it smewhat contradicts
information presented in [4]The presene of this disply was
found to be especially helgful at night when mmbient
illumination levels vere low because it expedited the driver’s
visual searcHor the warning displa If the displg wasnot
present, when preparingnakealane change the drivenight
spend sme seconds visuallsearchingor the warning display
in the darkness when the warning light i¢ ilominated The
use of the status ED assisted the driver in quigkocatingthe
visual warnig display in dakness. Anmprovement to this
designfeatuewould be to illuminate ayellow LED, rathe than
a blue one, at #hA-pillar to indicate that no vehicle is detected
but that the driver should proceed with caution. hie $ane
fashion, the use o redLED, rather than gellow one, is
considerednore appropriatéor the presentain of a collision
warning, especiaflin situationsnwhich a collision ismnminent
[3]. Theyellow LED should not be illninated when the red
visud warningLED is illuminated. Thigellow LED could also
be used to presenystem statis information ly flashing to
indicak that a proble has occurred with the/stam hardware.



The use of the color blue for a system status display was
considered to be less appropriate than the color green which is
suggested for uin relating a “ystem read” condition which

was the intent of this displaHowever, the color green would
not be appropriatefor use to presenystem status ifiormation

at the A-pillar as part ahe warning dispkaas thissystenwas
corfigured The important point is that a greéight shout not
beusalinany way that it could benisconstrued aseaninghat

the aglacent lane is clear (e.g., the blue light as used in this
system should not hee beergreen).

The driver intefacefor Systeam F had no controls associated
with it. The provision of a controbtallow the driver to change
the brightness of the visual disptawould have been hélgd.

Overall Assessment of the Driver Interfacefor System
F - Systen F was the oylsystemtested in this stydwhich had
both right and I& side sensors and crash avoidance warning
visual displgsfor detecting athpresentingnformation relating
to adjacent vehicles. This was considered tJssy favorable
featurefor thistype of systam and was praisedylthe experts.
The use of a ¢ side sensor is also believed to éspecially
appropriatefor this passenger car application lhapon the
nature otthe lane chang®erge accident probhefor passenger
cars. The use dlight which is present when no objects are
sensed in the detéoh zones was vegr helgul at night.
However, the color dhis light (blue) and the yellow color used
for the visual crash avoidance warning were inconsistent with
population steregpes. The extraely directiondaquality of the
display LEDs was alséound to be a drawbkc

SYSTEM G: HUMAN FACTORS CHECKLIST
RESULTS - Systan G was a protgpe radar-based SCAS.
Thissystanhad a single sensor used to create a detexioe
located to the right side of the vehicle.

System G: Description of the Driver Interface - The
driver interfacefor Systan G consisted of a singtlisplay unit,
shown in Figure 13. Tdisplay unit wasmounted at the center
of the dashboard. @unercial advertising labels have been
omitted from the photgraph.

Crash avoidance warning formation presentation was
presented visuallusinga single red ED labeled “STOP”. This
LED would ramain illuminated as long as the presemfean
adacenobstackwas detected. Thigstanalso had an auditory
warning which would sound a beeping tone when an obstacle
was present to the right sidetbé vehicle A toggle switch was
present which allowed the driver to disable the auglit@rning

at will. When he auditory warning was disabled, the visual
display continued tdunction nomally.

Systan G hal one ystam status disph The displg consisted
of agreenLED labeled OK” which illuminated to indicate that
the gstem was receiving power. A third digyl (“WARN")
was inoperative due to a desigthange made ly the
manuacturer.

System G: Strengths and Weaknesses of the Driver
Interface - The visual warning dispydor Systen G consisted
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of a large red_.ED labeled “STOP".  The choice ofthe color
redfor use in this displawas considere@dbe most appropriate.
However thisLED was highy directional ad thuswasdifficult
to discern whether or not it was thinated utessthe face of
the displg was perpendicular to the driver’s linesijht The
silver bezels around tHeEDs were a saae of glare in bright
sunlight. The red warningED was excessivel bright in
dakness. The prasion ofa brightness contrdior the drver to
adust the intensyt of the vsual displg's may have alleviated
this problen. The preision ofa crash@oidance warnigvisual
display at the rightmirror would have been heflpl.

Labels for the visual displgs were not backlit and thuseve
difficult to read in conditions of low light. These labels were
reflective and a source of glare in bright sunlight.

The human factors expert§ound the pitch of e auditory
warnirng tone to be to high. This tone was considered to be
both annging and distracting, especialtue to thefrequent
incidence ofunnecessgrwarnirgs produced ypthe ystam.

The green light labeled “OK” providedeldriver with a smple
indication that the ystem was powered andunctioning.
However thisLED was highy directional ad thuswasdifficult
to discern whéter or not it was illuminated unless théace of
the display wasperpendiculato the driver’s line of sight This
driver inteface did not appear to ptide ary indication of
systemfailure to the driver.

Thetoggle switch provided which allowed the driver to disable
the auditoy warning status was toamnall. In adlition, the
directionof motion ofthis control was not in accordance with
population stereoypes. The provision of/olume ard brightness
controls would have been bédiugal.

Overall Assessment of the Driver Interfacefor System
G - Although the design dhis driver inteface incorporated the
appropriate use afolor and legends, the directional quabf
display LEDs and th display’ sproneness tglare praved to be
significant disadvantages. The use of brightness andneolu
controls would berfé this design. This driver intBace also
was found to emit a high-pitched sound while theystem was
powered which was a source of agaoce and disceofort to
one ofthe hunanfactors experts who participdti the testing.

K WARN STop BeuP

Figure 13. System G driver interface



Figure 14. System H driver interface: Main display unit

Overal, this driver interface needs much refinement before the
systemis released as a commercial product in order for drivers
to use the system effectively.

SYSTEM H: HUMAN FACTORS CHECKLIST
RESULTS - System H was a commercialy available radar-
based sideand forward collision avoidance system. Thissystem
had a single right side sensor used to create a detection zone
adjacenttothevehicle. Theforward-looking collisionavoidance
capability of the system was not exercised in this study.

System H: Description of theDriver Interface- System
H had two parts to its driver interface. The main display unit,
shownin Figure 14, was mounted at the center of the dashboard,
asis shown for System A in Figure 4. Commercial advertising
|abels have been omitted from the photographs. An additional
crash avoidance warning display unit, shown in Figure 15, was
mounted at the right side A-pillar and provided the driver with
right side crash avoidance warning information.

The main display unit contained both system status displays,
controls, and visual crash avoidance warning displays for the
forward-looking sensor. System statusdisplaysincluded agreen
LED labeled' ON” which illuminated to indicate thatésystem
was receiving power. Alspresent was a redED labeled
“FAIL” which illuminated to indicate that systam hardware
failure had occurred. Themaining visud displays present on
the face ofthe displg unit were associated with tfierward-
looking sensor which is not addressed here. A control was
present on the feside of the displg which allowed the driver
to turn the gstemon or off and also to control theolume ofthe

auditory warning Thecontrol on the right side ¢iieface ofthe
display unit was associated with tHerward sesor. This
systan adusted the brightness ofll visual displas
autamatically to accenmodate changing levels ofmbient
illumination.

The visual crash avoidance wamidisplay for side-looking
sensowas located at the right A-pillar near the side vieiwor.
At the bottan of this displg was a yellow LED which

Figure 15. System H driver interface: A-pillar crash
avoidance warning visual display

detection zone. When an obstacle was detegtdleaystem,

a redLED located at the top of the crash avoidance warning
display unit would illuminate steadiy. The canponent located
between the twhEDsjust described was actuad light sensor
used to sense the level ahbient illumination and adjust the
brightness othe cras avoidance warnig displays accordigly.

The system also had an auditoy warnirg which would soud a
shott chime when an obstacle was present in theesidtection
zone and the right turn signal was activated.

System H: Strengths and Weaknesses of the Driver
Interface - The design of the crash avoidance warning visual
displays for Systen H was considered to bgood ad in
accordanewith the design characteristics suggested iatihis
report, i.e.ayellow LED was used to relate to the driver that no
adjacent vehicle was detected but thebhshe should proceed
with caution anéired LED was used to indicate that arjacknt
vehicle had been detected. However, theimanfactors experts
found that the.EDs used to present crashvaidance warning
information were hight directiondand nat bright enough to be
suficiently visiblewnhiledriving in darkness. This probtewas
considered correctadard nat inherent to the intéace design.

The light sensor used toneasure mbient light levels and
perform autamatic brightness antrol of the visual warning
displays was considetea potentiafor corfusion of the driver.
The reason for this is the light sensor looked like a non-
functioning visial warning LED due to its shape and position
between thgellow and red warningEDs.

Another interesting phentgenon regardip the autanatic
brightness adjustent feature of this driver intéace was
observed while driving on a lighted highyvia darkness.One
humanfactors experfound that when driving under street lights
on the highwg, the brightness of the visual wamg LEDs
would change depending on the positiontlndé vehicle with
respecta the stred light (i.e., under a street light, between two
of them, etc.). Due to the nature dfie ystan's abruptly
discrete adjustent of the brightnesof the displays, theLEDs

illuminated to indicate that no obstacles were present in the appeared to b#ashing when driving on thigype of lighted
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roadway. This feature proved to be a source of confusion and
annoyance for the driver.

The crash avoidance warning auditory display used a signal
consisting of a short chime which was found to be easy to
perceive and discern. The adjustability of the auditory warning
volumeviathe provided control ensured that the warning signal
could be heard in a wide range of ambient noise levels.
Auditory warning were only provided when the turn signal was
activated which was considered to be a good feature.

The system status visual displays for System H showed an
appropriate use ofcolor with green beingthe color ofthe “ON”
displey ard red the color ofhe “FAIL” display. Thelegerd for

the gstam status visual dispjawould have beemore easily
visible if they were provided as separate larger sized text placed
appropriatg}l with respect to thwarninglight rather than using
small text supernposed on a shield covering the warnirieD.

Thevolume control preided by System H was considered to be
very good in that it provided auditpfeedback rdecting the
setting otthe volume leve asthe driver manipulated the control.
The auditoy feedbadk consisted othe ysteam soundig the
shot auditory warningchimeat short intervals while the vahe
knob was being rotatedIthe driver. The legends used to label
the controls present ordtiriver inteface were considered to be
good However, it was not olious without stugling the driver
manual thoroughy that the range control located on thehtig
half of theface othe displg wasfor theforward-lookingsensor
(not tested in this stydl

Overall Assessment of the Driver Interfacefor System
H - Overall, the driver inteiacefor System H was considered
to be good. The appropriate use of cdlarvisual displgs,
method of providing visual warnimgs, and locatin were all
considered to be good qualitieglut inteface. Othefavorable
qualities included a good audiyowarning signal which was
active ony when the turn signal was applied and ayvesell-
designed volme contol function which provided auditory
feedback to tadriver. An mprovament to this driver intéace
would the mprovament of the autonatic brightness control
feature or the use @& manual brightness control. The only
significant faults ofthis g/stem, which were observed in this
humanfactors testing but appto the hardware dghe systams,
were the noticeabl long delg time in presentation ofrash
avoidance warnings andall detection zone.

HUMAN FACTORS CHECKLIST RESULTS --
BETWEEN SYSTEMS COMPARISONS

This sectn contains the results ofbetween gstans
comparisonsfor the different SCAS. Most of the ayaks
contained in this section are based on ttata SectionC of the
Human Factors Checklist. At thecbof the section the results
of the scoring that was pdiormed on Sections A and B tie
Human Factors Checklist are presented.

The results presented graphicglfor Section C othe Human
Factors Checklist weibasel solely onthe responses of the two
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human factors experts fter haviing driven with the SCAS.
Although responses were based on basimamufactors
principles and related expert pessional judgments, sme
degree ofindividual differences are present in the data. In
addition, although questions contadrie the checklistocused

on assessing the attributestioé driver inteface,frequenty it
wasfound thafactors related toystam peformance had soe
effect on the perceivedffectiveness of the drivanterface
despgns. Inconsistent arariable gstam peformance coud be
attributed 6 weathermechanical probims, or sone other cause.
Due to the inconsistent germance observetbr many of the
systems tested and the snall sanple size used, it is fficult to
attribuke variability in response data to gone source.nlsame
cases, the ffierences in responses due tovwdlial diff erences
may be larger than the fllerences betvem the plotted data
values Therdore theresponse data are not discussed as being
statistially signficant. However, irmary cases, the data do
show trends which allude to thdfectiveness ofndividual
SCAS driver interace designs.

The data values listed in thimllowing figures represdrthe
means of the responses obtaif@dndividual questions during
the eidit driving sessions (2 hman factors experts; 2 test
vehicles; dg and nght) condicted under Section C ohe
checklist for each gstan. Each driving sessions lasted
approxmately 2.5 hours.

Theissues addressed were ones whogmcts wee judged to

be likely to contribute sigtiicantly to theutility and potential
degee of bendit provided ly the ystams, i.e., the degree to
which the gstems contribute to deeasing the likelihood ofa
collision, or the degree to which thémprove séety. Areas
judged to bermportantfor inferringthe utility and ease afse of
systans through “in-use” evaluation included the
comprehensibiliy of the crash avoidance warnidigplays (see
Figure 16), the ease with which crash avoidance warning
displays muld be discrninatedfrom other in-vehicle dispis
(see Figure 17), the degree to which the visual and auditory
displays associattwith asysteanwere a source dafistraction or
anngance to the driver (see Figures 18 through 21) the
perceved degreeof eff ectiveness of theystams (illustrated in
Figures 22 through 25), and how often the system was used
(shown in Fgures 26 and 27).

Two questbns contained in the checklist addressed the
adequag of manuacturer supplied docoentation destbing

the operation of the SCAS. QnB of the7 systans had
associated doecoentation Only one ofthose provided was very
good, while the others were bareldequate.

Samedisplays were giple enogh that thei meanirgs could be
easily deducedn astatic setting. Others, as showthe results
of the humanfactors experts’ static assegnt ofthe meaning
of crash aoidance warnig visual displgs for SCAS given in
Figure 16werenat so eag to detemine (e.g., theneaning of a
blue light at the right A-pillar which illuminated constangland
wasextinguished whenyellow light was illuminated) Overall,
it was clear that coplete descriptive darnentation detailing
the operation of the SCAS and thenction of all visual and
auditoly displays was essentidbr proper and #ective use of



the system.

Figure 17 shows that, although the crash avoidance visual
warnings for most systems could be easily identified, the driver
interfaces for Systems D and F had designs which were
confusing in terms of distinguishing between crash avoidance
warning visual displays and system status visua displays. A
common problem encountered with the systems tested was the
inappropriate use of color in visual warning and system status
displays. Overal, the system status displays for the driver
interfaces tested were not significantly distracting in most cases
as shown in Figure 18. However, the visual displays used to
present system status information for some systems were
considered to be excessively bright for nighttime driving.

Distraction presented more of a problem for some crash
avoidance warning visual displays, asillustrated in Figure 19.

The data presented in this graph corresponds well with the
gualitative assessments of systems characteristics obtained in
Part 111 of Section C of the Human Factors Checklist. Thedriver

Very
easy 5
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Very
difficult

A B D E F G H

Figure 16. Part I, Question 5¢: How easy to understand are
the meanings of the cautionary crash avoidance warning visual

displays?

Very
easyto 5§
discriminate

4.5

4

35
3
2.5
2

15

vey 1
difficult to
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Figure 17. Part 11, Question 3: While driving, how well could
crash avoidance warning visual displays be discriminated
from any other nearby displays?
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interface for System D, which rated a relatively low score for
this measure, was considered to be confusing by the human
factors expertsand was judged to present too much information
to the driver. The warning LEDs for this system were also
reported to be excessively bright for nighttime driving
applications.
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Figure 18. Part I, Question 4a: While driving, how
distracting were the visual system status displays?
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Figure 19. Part I, Question 5b: While driving, how
distracting were the auditory crash avoidance warning

displays?



Systems F and G were also considered to be distracting due to

excessively bright LEDs. This finding may be misleading for

System F whose LEDs varied in apparent brightness depending

ontheangleat which they wereviewed. Dueto the nature of the
type of LEDs used in the warning display for System F, if the

display was not positioned such thaettiriver’s line of sight
was perpendicular to thd=D, the illumination could be dficult

to distirguish in sane light conditions.

Distraction due to crash avoidance warning augditbsplays
was noted to benore of a problm for the human factors
experts, as shown indtire 20. Three of the six SCAS ($stem
F had no auditgrwarning displg) were rated relativglpoorly
inthis area. The auditpwarning displg for Systeam E, which
was characterized lihe humanfactors experts dshrill” and
“piercing,” received the lowest rating.

The scoredor the level of anngance causedybthe auditory
crash avoidance warning dispéashownm Figure 21, correlate
fairly well with the level odistraction data presented in Figure
20. The results show that certain of thestens examined
require sigriicant improvaments to their auditoy warning
displays in orde to make thenmore userfriendly and appealing,
or at least tolerabldor drivers.

A question which was consiced to be one of themost
important ones in the checkleddressed thdfectiveness of the
collision avoidance ystems tested. Data regardinthe

eff ectiveness of crash avoidance visual warnargdlustrated

in Figure 22. @ly minimal differences in thenean ratings of
effectivenesdor lane changes was observed betwibentwo
vehicles Thisis surprising given the large size of the right side
blind spot area on the HMMWV asompared to the Acura
Legend used in the testing. Thesiaimal differences in the
mean ratings adnot correspond to the qualitative responses of
the humanfactors expertsbtained in Section C difie checklist.
These data do correspond well with the scores whistieras
received in the categories disual Conspicuif and Visual
Comprehension that are listed in Table 9.

Ratings of thefectiveness of visual crash avoideam@rnings
in helpingdriversto makeright merges are givein Figure 23.
These ratings amnat significantly differentfrom those obtained
in regards toféectiveness aystamsfor helping drivers tanake
right lane chages. The iformation required ¥ the driver to
perform right merges is basicallthe same asthat requiredor a
driver to séely performright lane changes. Thdare, the sme
type of visual dispha usedfor peforming right lane changes
shoutl be suitabldor rightmerge situations as welHowever,
the area in which the SCAS detects obstadeeds to be
differentfor the merging application in order to acewnodate
the greater distance and anglepproaching trfdic.

Similar results as those obtainedregards to visual warning
displays weae observedor the ratings othe dfectiveness of
audibry crash moidance warnigs in helpimg drivers tomake
right lane changesTheresultsfor the éfectiveness of auditory
crash avalance warnings in right lane change applications,
illustrated in Figure 24, show no sifjeant dfferencegrom
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Figure 20. Part |1, Question 5b: While driving, how
distracting were the auditory crash avoidance warning
displays?
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Figure2l1. Part I, Question 6b: While driving, how annoying
were the auditory crash avoidance warning displays?
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Figure22. Part 11, Question 9a: How effective was the visual
crash avoidance warning display in helping you to make right
lane changes?



those obtained for right merges shown in Figure 25. These
auditory warning displays are thought to require the same type
information presentation to the driver whether the applicationis
lane changes or merges, as was the case for visua crash
avoidance warning displays.

Also of interest was whether or not the human factors experts
involved in this study actually used the systems during the
required test driving portions of the interface evaluations
performed using the Human Factors Checklist. The experts
estimates of their frequency of system usage are illustrated in
Figures 26 and 27. However, these data should examined with
the consideration that the experts drove no more than atotal of
10 hours with each SCAS. In addition, although the question
asked how often the system was used during maneuvers of
interest, it does not address whether or not the use of the system
actually assisted the driver in safely performing the maneuver.
The response data are aso inherently related to system
performance. The reason for this is that if a system was
performing particularly poorly during a certain test driving
session, then the driver would use the system less often. A fair
degree of variability was observed due to inconsistent system
performance for many of the systems.
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Figure 23. Part I, Question 9a: How effective was the visual
crash avoidance warning display in helping you to merge to
the right?
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Figure24. Part 1, Question 12a: How effective was the
auditory crash avoidance warning presentation in helping
you to make right lane changes?
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Figure 25. Part I, Question 13a: How effective was the
auditory crash avoidance warning presentation in helping you
to merge to theright?
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Figure26. Part I, Question 14: In what percent of al lane
changes did you use the crash avoidance warning information
presented by the system?
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Figure27. Part I, Question 15: In what percent of all merges
did you use the crash avoidance warning information
presented by the system?
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RESULTS FROM SCORING HUMAN FACTORS
CHECKLIST DATA

The data obtained for each system using the Human Factors
Checklist was scored according to the method defined in this
paper. The categories for which scores were calculated were:
1. Overdl Design
2. Visual Warning Display Conspicuity
3. Visual Warning Display Comprehensibility
4. Auditory Warning Discriminability and
Comprehensibility
5. System Status Display Conspicuity and
Comprehensibility
6. Controls Ergonomics
7. Expert Professional Judgement

It isimportant to note in viewing the results presented in Table
9 that, in many cases, human factors guidelines were not
availablefor the specification of design characteristics. Inthese
cases, the authors substituted information about desirable
interface characteristicsbased ontheir extensive experiencewith
CAS. In addition, these results are not discussed as being
statistically significant due to the fact that variability in
individual system performance was not considered.

For Category 1, Overall Design, the range of scoresin Table 9
for the SCAS was from 66.7 to 55.6. These small system to
system differences in scores are not considered significant.

For Category 2, Visual Warning Display Conspicuity, Table 9
shows some of the shortcomings of the current version of the
Human Factors Checklist. For this category, System F received
the best possiblerating. However, the visual conspicuity of this
crash avoidance warning display actually was observed to be
below average. The problem, in this case, was that the visual
warning display of System F used very directional LEDs. If a
driver’s line ofsight was on or vgrnear the visual axis dfie
display’s LEDs then the conspicyibf thewarningdisplay was
excellent. However, ifhe driver’s line of sight was not along
thevisual axisof the LEDs, then conspicuitwas poor. There
are no questions in the curterersian of the checklist that relate
tothisdeficiency. Forfuture use, the Huan FactorsChecklist
will be modified to address this issue.

For Categoy 3, Visual Warning Displgt Camprehensibiliy,
Table 9 shows that twoystans, A and G, received the best
possible scores. Two othegtssams, B and Hreceived scores of
72.8 Looking at the diferences betweendl\-G answes and
the B-H answers shows that B antiad the lower scores solely
because ty did not have legends. However, these are quite
simple driver intefaces. For exaple, S/stan B only has one
light mounted beneath the side viewror for itsvisud warning
display. While legends are certajnineeded on cuoplex
interfaces, perhaps thare noreally necessgron smple driver
interfacesfor this tpe of ystem.

For Categoy 4, Audio Waning Discriminability and
Comprehensibiliy, two systems, D and H, had verlow scores.
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For both of thes systams, themeaning otthe auditoy warnings
issued was not reagliapparent.

For Categor 5, Systean Status Displg Conspicuiy and
Comprehensibiliy, the scores raygedfrom 92.3 to 73.0. This
fairly small range of variation was not considered digaint.

For Category 6, Control Egonamics, System B scored poorly
due to its violation of popation steregtpes and its controls
which were dificult to distinguisifrom one another The other
four SCAS had essentiglihe sane scores.

For Category7, Expert PréessionalJudgement, the three
commercially available RCAS and SCAS all had good scores
rangingfrom 72.5 to 60.0. While two of #prototype g/stems
also hadgood scoresfour prototype RCAS and SCAS had
saoresof 40.0 or less. This pattern gériation was expected
since the comercially availablesystems should havemore
refined, more dfective, driver inteiaces.

SUMMARY

This paper describes thesthodolog and evaluation odriver
interfaces of aype of ekctronics-based collision avoidance
systemtha hasbeen recenty developed to assist driverslight
vehicles (passenger cars, pickup trucks, vans, and sport utility
vehicles). Theype of electronics-based collision avoidance
system (CAS) is that whib detects the presence of oljects
located on théeft and right sides of the vehicles (ferred to as
Side-looking Collision AvoidanceyStems or SCAS).

A portion ofPhase 1 othe reseaiftprogram “Development of
Peformance Speféications for Systems Which Assist in
Avoiding Collisions Durig Lane Chage, Meging, and
Backing” wagdo evaluaethe performance of existingystems of
this type. Asmary collision avoidace systans as could be
obtained, includig several pre-production proypes, were
obtained adtested y TRW and the National Highwar raffic
Sdety Administration’sVehicleResearband Test Center. The
testing focused onmeasurilg the peformance ofthe CAS
sensors ahevaluatinghe designof the driver inteffaces based
on human factos principles This paper doauents the results
of the assessent ofthe design ofhe diver intefacesfor the
SCAS testd. A companion report doauents themeasured
performance othe sensors dhe side and rear CAS tested [1].

The gals of this assessent of the design oCAS driver
interfaces were:

1. Toevaluatebaselupon the principles afrgonanics,
how well the driver inteiaces of the collision
avoidance gstans studied were degied.

2. To provide advice tduture designers of collision
awidancesystemdriverinterfaces as targonamically
desirable or undesirableatures.

3. To idertify CAS driver inteface design issudisat
should be théocus offuture research.

4. To improve methods for evaluatig CASdriver
interface designs.



TABLE 9. System Ratings Based on Scoring of the Human Factors Checklist

SCAS
CATEGORY A B D E F G H
1 57.3 64.0 55.6 63.3 56.4 66.7 62.0
2 80.8 80.0 62.8 59.8 100.0 91.0 93.8
3 100.0 72.8 50.0 62.5 54.6 100.0 72.8
4 88.9 88.9 33.3 77.8 N/A 88.9 25.0
5 86.1 73.0 87.0 79.8 81.1 82.4 92.3
6 N/A 46.7 87.2 82.2 N/A 75.6 73.3
7 60.0 67.5 375 40.0 68.8 35.0 72.5

For this research, the driver interfaces of seven SCAS were
studied. Of these seven systems, two were sold commercialy at
the time the study was initiated while five were pre-production
prototypes. These systems were designated as Systems A, B,
and D through H. While the focus of this research was light
vehicles (passenger cars, pickup trucks, vans, and sport utility
vehicles, al with gross vehicle weight ratings below 44,500
Newtons), several of the systems evaluated were intended
primarily for use on heavy trucks. These systems were studied
because examining a large number of systems alowed for a
better understanding of the needed capabilities of collision
avoidance warning systems to be gained.

The principal data collection instrument used to perform a
human factorsassessment of existing collision avoidancesystem
driver interfaces was a Human Factors Checklist titled
“Descriptive Prdile, Human Factos Assesment, and
OperationalJudgemnents of the Collision Avoidanc8ystem
Driver/System Intefface”. Thechedlist was used both as a
research device and as a screening tod. It condsted of a
document containing qualitative dmquantitative questionsand
tables Thisdocumert served as a todor the collection otlata
characterizig collision avoidance ystan inteffaces and their
assogated visual and auditgrinformation displgs and controls.

The checklist contained three sections. Section A was a
descriptive profile which addressed the operationthé gstem
hardware and driver displs. Section B consisted of an
assessent of the extent to whic the visual and auditory
displays corormed to established man factors guidelines.
Sectbn C consisted ofa questionnaire used to assess the
operatona performance othe driver/gsteninterface ly human
factors expertSter having driven with theystens. Overall, the
checklist provided aneans lp which the &ectiveness othe
driver/systeam intefface and themerits of systems could be
assessed.
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In addition to otheanalsesthe Human Factors Checklist was
scored. Scoring was used to redube quantity of data
generated ¥ the checklist so as tanake more apparent the
extent to which the driver intixces incorporatedesirable
characteristicsfrom a human factors perspective. Driver
interface features were assessed based upanahdactors
guidelines gathed mainly from information presented in the
report “Preliminary Human Factors Guidelinegor Crash
Avoidance Warnig Devices’ [3] by COMSIS, SAE
Recanmended Practices, and accepted textsunfan factors
design principles. Where these souces lacked suficient
information to judge thesppropriateness otertain inteface
characteristics, the authors’ judgents based upon extensive
experience with using and evaluating collisionoidence
systems was substituted.

The Human FactorsChecklist used in this assessnt was
modified for this purposedrom its original form developed
specfically for use in a studof heaw truck side and rear
collision avoidane systems. In modifying this checklisfor use
in this progran, mary needed revisions were realized. However,
mary necessarmodifications to the checklist wenat apparent
until the benét of retrospect was acquired upomgaetion of
the study. Thus, the Initations of this checklist at thgoint in
time aremary. However, the Homan Factors Checklist has
proved to be a ugal resourcefor assessip CAS driver
interfaces. In thduture, the checklist shalibe modified to
improve itsform and extend its u$elness to encanpass new
and dfferent CASypes.

Based upon angdes of the conpleted Human Factors
Checklists, the categpby-categoy scoregor each gstem, and

discussions with the two man factors experts, the stigths

and weaknesses of eagistam were idenfiied.



CONCLUSIONS

The first goal ofthis research was to evaluatesdshupon
humanfactors principles, how well the driver inteces ofthe
collision avoidanceystems studied were designed. Q@alg
while none of sgtems had an “ideal” driver intdace at this
point in time, most ofthe driver intefaces were acceptalflem
an ergonmic perspective Thesdindings were snilar to those
presented in the report “Btudy of Commercial Motor Vehicle
Electronics-Based Side@Rear Olpect Detection $stams” [2]
which presented results afi evaluation of collision avoidance
systams for heay trucks. Not surprisingl the canmercially
available gstems tendedd have better driver intéasices than did
the protoypes.

The second goal dlis researttcwasto provide advice téuture
designers of collision avoidance warning ystem driver
interfaces as to ergomacally desirabé or undesirabléeatures.
As part ofthe scorilg systam, the authors desloped a listfor

ead of six categories, of the characteristics of an lidgstem.
Fromthelists, with saneminor rdinements, the authehave
developed their advice to designers.

The authors’ adviceotdesignerf collision avoidanceystem
driver intefaces regarding ergomically desirable or
undesirabldeauresvaries dependimupon theype of ystem
(i.e., reaflooking or sidelooking sensors). For SCAither
left side, right side, or both), Table 1hauarizes this advice.

The advicefor driver inteface designs that is contained in
Table 10 agrees with the intace guidelines coaned in
“Preliminary Human Factors Guideliné®r Crash Awidance
Warning Devices” [3] excedior Items 8 and 9. These its
recanmend that there should be amizer light on the visual
warningdisplay thatislit when no olpect is detectedT herdore,
there will alwgs be eitheared on amber light lit on the visual
warning displgy. This contradicts conventional manfactors
wisdam and the intdiace guidelines contained in “Pralnary

TABLE 10. Desirable Features of a Sideeking Collision Avoidance y&tem Driver Inteface

1. The SCAS driver inteiace should be versimple and straiglibrward from the diver’'s perspective, not necessayithe
mantufacturer’s).

2. The SCAS driverintéace should proviglacrash avoidance warning visual digplahe SCAS crash avoidance warniigual
display should be located on or near the line of sight to the appropriate sideniview

3. The SCAS driver intéace should provide a crash avoidance warning aydiisplay. The SCAS crash avoidance warnipg
auditol display should provide a signal which is audible in a wide range of in-vehidiéeat noise conditions.

4. The SCAS driver intédace should provide both audiyaard visud crash avoidance warnings in situations when a colligi
is imminent (i.e., mminent crash avoidance warning).

5. The SCASriver interface shout provide only visual crash avoidance warnings when a collision is possible, biumment
(i.e.,cautionay crash avoidance warning).

6. The SCAS driver intéace should provide auditowarningsonly whenthe appropria¢turn signal is activated (or whehere
is sane indication that the driver is about to steer the vehicle to therleight).

7. The SCAS crashawoidance warning visual displgy should indicate the presence af object in the detection zohy
illuminating a red light. No other visual dispéain the proxinity of the primary visud warningdisplay should be illuinated
when a visual warning is being issued.

8. The SCAS visual warning displahould indicate that no objectdsesenin the detectio zore by turning on an mber light
and extinguishing the red light.

9. Whenevethe systanis powered up anidinctioning propey either the mber light or the red light, but hboth on the dri ver
warning visual dispkawill be on.

10. The SCAS driver intéace should provide gsteam statudisplay. The gstem status should be located in the proixy of the
crash avoidance warning visual digpta provide the driver with an indication of whether or not Y&em is operating
properl in a canmon, central location (i.e., neaetbras avoidanewarningvisud display). If thecrash avoidance warning
visud display incorporatesan anber-colored light which is illminated when no vehicle is present in the detacime then
this type g/stam status light is not needed.

11 Anadditionadsystanstatus/isud display may be integrated in the vehicle’s ingtnant panel with other eomon warning lghts
(e.g., battey voltage). This displashould cosist of a status light that is nonally dark. The status light should ithinate
momentarily when the vehicle is turned on and continugifsh systam failure is detected.

12. The SCAS driver intéace should provide meansfor the driver to adjust the vahe of the auditor warning displs.

13. The SCAS driver intéace should providemeandgor the driver to adjustthe brightnes®f the visual displgs. Althoughthey
did not workwell intheinterfacesexamined in this stug, autanatic adjustent ofvisual displg brightnessnay be préerred.

14. Manual control$or volume and brightness should be located on the vehicle’'s mstiupanel.

15. While controls are beinganipulated g the driver 6 adjustthe volume or brightnes®f visual or auditoy displays, the £AS
interface shoud momentarily produce a warning signal to provide the operatorfeiaback regardintielevd of theadjustel
paraneter.
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Human Factors Guidelines for Crash Avoidance Warning
Devices” [4] which state that the onset of a signalmsere
conspicuous than a change in an existing signal. Tdrere
warnings will e more conspicuous when there is no signal in
the absence of warning. However, sae of the intefaces
tested had thikeature consistingf a light that was illminated
when no object was detectdsloth of the humanfactors experts
who evaluated the intirces liked thisfeature andound it
helpful for locating the crash avoidance warning display
conditions of low ambient illumination. Theréore, this
recanmendation is listédin Table 10 even though it contradicts
corventional humanfactors wisdm. This issue should be the
topic of additionalfuture research.

All of the above advice to designers is pnlary in that it was
generatedythe authors’ experiencasexamining, and driving
with, a substantial maber of gstems.

The third goal of this mearch was to ideriti CAS driver
interface design issues that should be thHecus of future
research. Avery reaonable focus of future CAS dwer
interface desigmesearch would be to germ amore in-depth
investigation of each of #items of advicefor SCAS inteface
designergontained in Table 10 as Wwakothe relevartissues,
sud asthe problem of designing a collision avoidance warning
display which is noticeable but n@n unnecessgrsource of
distraction. In-depth investigationstb&se issues could include
experiments to detenine such things as driver reactiomés
using an inteiace designed imccordance with the authors’
advice versus eetion times forinterfaces which are based on
different designsHowever, it is important to realize that it is
difficult to evaluate the driver interce ofa CASwhich haspoor
sensor pdprmance. Inprovements in sensor degh as
technolgies mature should assist thiffert.

The fourth goal of this research was tonprove methodsfor
evaluating driver intéace designs. While the Fhan Factors
Checklist usedfor this wok was much mproved over the
original heay truck versbn, it was apparentythe end of this
project that the revised checklist still hadnesshortcaings. It

is recanmended that the Hoan Factors Checklist be revised
based upon thiendings of thisstudy and allow the checklist to
evolve as a tool, as intelligent transportatioystens are
evolving, for usefuture research dhis type.
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APPENDIX: HUMAN FACTORSCHECKLIST

DESCRIPTIVE PROFILE, HUMAN FACTORS ASSESSMENT, AND OPERATIONAL JUDGEMENTS OF THE
COLLISION AVOIDANCE SYSTEM DRIVER/SYSTEM INTERFACE

Date: / / Type of System: Lane Change/ Merge
(check all that apply) Backup

Product Name:

Manufacturer
Name and Address:

Test Vehicle:
(make, model, year)

Section A Completed by:
(Name and position)
Previous experience with this device:

Section B Completed by:

(Name and position, if different from above)
Previous experience with this device:

Section C Completed by:

(Name and position, if different from above)
Previous experience with this device:

The purpose of thisdocument isto serve asatool for the collection of dataregarding collision avoidance system driver/systeminterfaces.
This document composes both a research device and screening tool by which the merits of systems may be assessed. The information
collected includes: 1) descriptions of the operation of system hardware and displays; 2) an assessment of the extent to which the visual
and auditory displays conform to established human factors guidelines; and 3) an assessment of operational performance of the
driver/system interface. Thisinformation may be used to evaluate the effectiveness of the driver/system interface.

Thetem, “crashavoidane warning; used throughout this doauent, réers to ag information which a gsten provides to the drier to

help prevent an accident. Thgé of nformation this warning consists of is dependent on the categoy of a particular gstam. Crash
avoidance warnings are divided into two categories here: 1) caytamola2) imminent Cautionay crash avoidance warningformation

is ary information provided  a s/steanwhich warns the driver afpotentially dangerous situation (i.e., obstructing vehicle in an adjacent
lane when considering changing lanes, obstructing vehicle to the rear when backingient crash asidance warning irformation
refers to ag information which a gstam might provide to warn the driver of ampending collision.

SECTION A: DESCRIPTIVE PROFILE

The purpose of the descriptive fite of the ystam is to recod information regardinghe system's operation, sensor ctiguration, and
physical characteristics difie visual and auditgrdriver displgs. Thes datamay be usal to evaluae the appropriatenessf the display
characteristics and théf ectiveness of the driveg/sten inteifface. This section is to beropleted ly a humanfactors expe.

SECTION B: HUMAN FACTORS ASSESSMENT

Thepurpo®of the hunmanfactors asses®nt is to detanine the extent to which the desigregbarticulasystem'sdriver/g/steminterface
confomms to accepted hman factors design principles. These daiay be used as stand-alone evaluations oeansfor relative
comparison aong ystans. This section is to be apleted ly one ormore humanfactors experts.

SECTION C: OPERATIONAL JUDGEMENTSOF THE DRIVER/SYSTEM INTERFACE

This sectim is intended to be subjective asgesat of the driverigstem interface. Individuals aopleting this section shutd include
one ormore humanfactorsexperts perystam, if possible. Experts will review theanudfacturer's docmentation and beeoe familiar
with the operation of theystam through practice with the devicefbes canpletingPat | of this section They will then operate a test
vehicle over afixed route in trdfic with an operationalysten installed in the vehicle. Part Il shouldfiiled out after the test drive has
been capleted. These subjective d&ban an assessent of the driverAssteaminterfacefromthe uses point of view and prade ameans
for canparison of this subjective fiarmation with objective data collected in other stages of yhra evaluation.
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SECTION A

DESCRIPTIVE PROFILE OF SYSTEM AND DRIVER/SYSTEM INTERFACE

Instructions for Section A:

- This section isto be completed by a human factors expert.

- Measurements should be taken in alaboratory setting if possible.

- Metric units should be used.

- A detailed 20.32 X 25.4 cm (8 X 10 inch) photograph with ruler in the frame should be taken as part of this data collection effort.

- Suggested referencesand sources of criteriafor usein assessing the appropriateness of thedriver/systeminterfacefeaturesandtheoverall
effectiveness of thisinterface include any SAE Recommended Practice. In the event that specific recommendations for some aspect of
theinterface cannot befound in any SAE recommendation, other sources of human factors design principles, such as’Preliminary Human
Factors Guidelines for Crash Avoidance Warning Devices (COMSIS, 1993), the 'Human Factors Design Handbook’ (Woodson, 1992),

the 'Handbook of Human Factors' (Salvendy, 1987), MIL-STD-1472, or other preferred text, may be used. When referencing specific
texts, the evaluator should give afull reference (including page number) for the information cited.
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Part | General Information

1. Brief system description:

a.  What type of sensor technology (e.g., ultrasonic, position radar, etc.) does the system use?

b. How many sensors are used with the system and what areas of coverage are associated with each? Use the given pictureto
illustrate approximately the detection zone(s) around the vehicle. Dimensions of the detection zones need not be given since

thisisintended to be an approximate representation.

C.

O/
\

[<—366m < 366m < 366m

What is the Hective (or noinal) range of the sensors as stated imthauacturer’'s speéications?

d. Based upon the descriptions contained in the table below, what istha sategoy?

Significance of Vehicle Posture

Action Needed

Category 1

Potentialfor collision exists -
vehicle(s) nobn a collision course

Caution needed, but nmmediate collision avoidance action is
necessary

Category 2

Collision is mminent -
vehicle(s) on a collision course

Immediate collision avoidance actiog the driver is needed

Category 3

Collision is mminent -
vehicle(s) on a collision course

Immediate collision avoidance action will be providedan
autamatic control gstem

e. Onwhattypeof algorithmarethecrash avoidanceinformation, crash avoidancewarnings, levelsof warning, or vehicle
control based (e.g., detection of distance-to-target or time-to-target)? Check one.

Distance-to-target
Time-to-target
Visual presentation of specified areas

around the vehicle without use of actual warnings
(e.g., by means of video, optical fiber, etc.)

Other (specify)
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. What type of mediais used for the manufacturer’'s documentation? Indicate below with an X’

Attach a copy of the manufacturer’s documentation to the back of Section A.

Type of media: Printed manual
Audio tape
Video tape
Other (specify)
None
2. InTable I below, list the manufacturer’s suggested mounting location for each visual display (and auditory warning unit or
control, if separately mounted). Write 'Not Specified’ if the manufacturer does not specify mounting locations.
3. InTablel below, list the overall dimensions (width x height x depth) of each display and control unit.
Use millimeter s (round to nearest millimeter).
TABLE |
Mounting L ocations and Overall Dimensions
Overall Dimensions
Display, Auditory Message Manufacturer's Recommended (For reference)
or Control Mounting L ocation (WxHxD)
System status display mm
Cautionary crash avoidance warning mm
Imminent crash avoidance warning mm
Other mm

(specify)

Note: Although manufacturers may use a single integrated display, control and warning unit, the organization of Table | provides

4,

for multiple units, each separately mounted in different locations in the vehicle. If asingle integrated display, control and
warning unit is used, please notethisin Tablel.

In Table Il below, list the maximum viewing distance to each visual display unit with the system installed in the manufacture’s
recommended location(s). Note that the maximum viewing distance for displays mounted in front of the driver is the distance
from the seated eye position of the 95th percentile male driver to the center of the visual display. If the manufacturer does not
specify amounting location, assume amounting location in or on top of the instrument panel within 15 degrees horizontally and
vertically of the driver's normal straight-ahead line of sight to the road, and note that this default location is being used.

TABLE I
Maximum Display Viewing Distances
Display Viewing Distance
System status display mm
Cautionary crash avoidance warning display mm
Imminent crash avoidance warning display mm
Other display mm

(specify)

In Table Il below, list the maximum reach distance* to the control unit with the control unit installed in the manufacturer’'s
recommended location(s). |f the manufacturer does not specify a mounting location, assume a mounting location in or on top
of theinstrument panel within 15 degrees horizontally and vertically of thedriver'snormal straight-ahead line of sight to theroad
and use of this default location should be noted. For controls located in front of the driver, the 95th percentile male driver’s
seated position will determine the maximum reach distance to controls.

* The maximum reach distance is defined to be the straight line distance from the driver’s shoulder to the control. The need for
reaching around obstructions, such as the steering wheel, should be noted.
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TABLE I11
M aximum Control Reach Distances

Control Unit Reach Distance

mm
(Specify)(e.g., warning volume)

mm
(Specify)

mm
(Specify)

InTablelV, for each item of information presented by the system, enter information in the appropriate columns.

Notesfor TablelV

a

Measure luminances with display removed from vehicle and in alaboratory where illumination levels can be controlled.
Thedisplays must be operational for these measurements. For thisassessment, assume nighttime and daytimeillumination
levelsof 0.321ux (0.03footcandles) and 10,760 ux (1,000 footcandles), respectively. Measureluminanceswith brightness
adjustment control (if present) set at the minimum and maximum settings.

Calculate percent contrast using the following formula:

(Lp-Lg)/Lg x 100 where L = luminance of the displayed information in foot-lamberts
L = luminance of the display background in foot-lamberts

When measuring the size of alphanumeric characters (and icons) record the height and width of the character, aswell as,
the stroke width of the character. For aphanumeric characters, the stroke width is the minimum detail that must be
resolved by the driver.

Assume the maximum viewing distances, aslisted in Tablell. Compute the visual angle subtended (minutes of arc) using
the following formula:

Visual Angle Subtended = (H/ D) X (57.3 “¥*%/ ) X (60 ™%/ 0)  Where,

H = height of viewed object (or stroke width of character) in millimeters
D = viewing distancein millimeters

In Table V below, list the auditory messages that are presented by the system. For each message, enter the information shown
at the top of the columns.

Notesfor TableV

a

b.

C.

Measure auditory characteristics of messages at the driver’s seat with ignition switch off (i.e., engine and all accessories
off) and windows up.

Measure the loudness of messages (in dB(A)) with the volume adjustment control (if present) in the minimum and
maximum loudness settings.

Perform an octave band analysis on messages to determine sound intensity level (Note: examine

levels by octave band, in units of dB(C); e.g., 500-1000 Hz, 1000-2000 Hz).

In Table VI below, for each control, enter the information listed at the top of the columns.
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TABLE IV. Descriptive Prdfile — Visual Displays
(If no display is present for an item listed in the leftmost column, write N/A [not applicable] in the appropriate boxes.)

TYPE OF INFORMATION DISPLAY
DISPLAYED TRIGGERING EVENT TYPE OF LUMINANCE-
(e.g., indication of object in (e.g., power application TYPE OF COLOR DAY (Cd/m?)
NAME OF detection zone, distance to to system, vehiclein DISPLAY USED CODING (min. & max. BACKGROUND
DISPLAYED adjacent vehicle) detection zone) (LCD, LED, icon) USED brightness LUMINANCE-
INFORMATION Setting) DAY (Cg/mz)
System on/off
Cautionary crash

avoidance warning

Imminent crash
avoidance warning

System
malfunction

Other (list)

TABLE IV. Descriptive Prdfile — Visual Displays (Continued)
(If no display is present for an item listed in the leftmost column, write N/A [not applicable] in the appropriate boxes.)

DISPLAY SIZE OF VISUAL ANGLE
LUMINANCE- DISPLAYED SUBTENDED
NIGHT BACKGROUND DUTY CYCLE INFORMATION AT MAXIMUM
NAME OF (min. & max. LUMINANCE - CONTRAST (steady burn, (diameter, smallest VIEWING DISTANCE
DISPLAYED brightness NIGHT (day & night) flash rate) character height and (minutes of arc)
INFORMATION setting) width, stroke width)
System on/off
Cautionary crash

avoidance warning

Imminent crash
avoidance warning

System
malfunction

Other (list)
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TABLE V. Descriptive Prdfile — Auditory Warnings
(If no display is present for an item listed in the leftmost column, write N/A [not applicable] in the appropriate boxes.)

TYPE OF TRIGGERING
INFORMATION EVENT LOUDNESS DUTY

PRESENTED (e.g., (e.g., power TYPE OF (record at DURATION CYCLE

indication of object application to WARNING both min. & OF (if
TYPE OF in detection zone, S/StGTL vehicle (steedy, max. AUDIBLE intermittent, CHANGES

AUDITORY distance to adjacent in detection warble, PITCH loudness WARNING eg., AFTER

SIGNAL vehicle) z0ne) intermittent) (frequency) settings) SIGNAL beeping) ONSET
System on

Cautionary crash
avoidance warning

Imminent crash
avoidance warning

System
malfunction

Other (list)

TABLE VI. Descriptive Prdfile — Manual Controls
(If no display is present for an item listed in the leftmost column, write N/A [not applicable] in the appropriate boxes.)

CONTROL SIZE DOES THE CONTROL TYPE OF DESCRIBE TYPE
CONTROL TYPE (width X height, OBSTRUCT THE DRIVER'S ADJUSTMENT OF CONTROL
CONTROL (knob, toggle, diameter, length, VIEW OF VISUAL WARNING (discrete or FEEDBACK (aura,
LEUNCTION 1L Dush Dutton, &fc.) gel(nmm,) L O A e OOROUS) L vigual toClile)
System on/off
Volume
adjustment

Light intensity
(dimming)
adjustment

Sensor
sensitivity
adjustment

Visual display
override

Audible

display
override

Other (list)
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Part Il. Checklist of System Features

(All possible features may not be listed here. List other features at the bottom of the page.)
Circle the word which best describes your response.

1

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

Doesthe systemturn on (i.e., power up) automatically (e.g., when theignition switch isturned
on)?

Doesthe system have a power switch which allowsthe driver to turn the system on or off while
driving?

Is the system on and functioning (i.e., providing warnings) at al times when the vehicleisin
motion?

Is the standby mode of the system'’s crash avoidance warning features enabled by the ignition
switch?

Does the system use both visual and auditory presentations of crash avoidance warning
information?

Are the visual crash avoidance warning features of the system enabled by the turn signal or
sensed lateral motion (or enabled by reverse gear for backup systems)?

Are the auditory crash avoidance warning features of the system enabled by the turn signal or
sensed lateral motion (or enabled by reverse gear for backup systems)?

Is there a display brightness adjustment for the visual display(s) that can be operated by the
driver while driving?

Isthere avolume adjustment for the auditory display(s) that can be operated by the driver while
driving?

Does the system adjust the brightness of the visual display(s) automatically?
Does the system adjust the volume of the auditory display(s) automatically?

Isthereatemporary manual override control for thevisual warning signal(s) for instanceswhen
objects known to the driver are encountered in the blind spot?

Isthereatemporary manual overridecontrol for theauditory signal (s) for instanceswhen objects
known to the driver are encountered in the blind spot?

Areany visual displays present (i.e., actively presenting information) on the device when there
are NO objects sensed in the detection zone?

Does the system have a "self-test" feature that allows the driver to check for proper operation
of visual and auditory displays and logic circuits while driving?

Does the system have an automatic indicator of sensor failure?
Does the system have an automatic indicator of visual display failure?
Does the system have an automatic indicator of auditory display failure?

Isthere asensor sensitivity adjustment control present that can be adjusted by the driver while
the vehicleisin motion?
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ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND= Not determinable
N/A= Not Applicable

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A



SECTION B:
HUMAN FACTORSASSESSMENT OF THE DRIVER/SYSTEM INTERFACE

(Inthe material to follow, theterm, " appropriate" , means compliance with accepted SAE Recommended Practices and/or
human factors design principles)

Instructions for Section B:

- This section isto be completed by one or more human factors experts.

- Theindividua completing thissection should befamiliar with thereferenced SAE Recommended Practi cesand human factorsguidelines
before beginning this section.

- Measurements made in Section A may be used in determining the appropriateness of design characteristics.

- Suggested references and sources of criteriafor usein assessing the appropriateness of thedriver/systeminterfacefeaturesand theoverall
effectiveness of thisinterface include any SAE Recommended Practice. In the event that specific recommendations for some aspect of
theinterface cannot befound in any SAE recommendation, other sources of human factorsdesign principles, such as’Preliminary Human
Factors Guidelines for Crash Avoidance Warning Devices (COMSIS, 1993), the Human Factors Design Handbook’ (Woodson, 1992),
the 'Handbook of Human Factors' (Salvendy, 1987), MIL-STD-1472, or other preferred text, may be used. When referencing specific
texts, the evaluator should give afull reference (including page number) for the information cited.

Part1.  Crash Avoidance Warning Visual Displays
Circle the number or word which best describes your response. ND=Not determinable
N/A=Not applicable

A. General
1. Isdisplayed crash avoidance warning information labeled? ND No Yes NA
2. Are the information coding methods used (e.g., size, shape, brightness, color) for crash ND No Yes NA

avoidance warning appropriate for the type of information presented?

3. Dotheinformation coding techniquesused for crash avoi dancewarnings conformto popul ation ND No Yes NA
stereotypes (e.g., brighter or larger displayed information for traffic closer to the driver)?

4. |s crash avoidance warning information presented using appropriate redundant visual codes
(e.g., simultaneous brightness and size increases as traffic gets closer)? ND No Yes N/A

5. Does the organization of crash avoidance warning information facilitate quick acquisition of
information while driving? ND No Yes NA

o8]

. Cautionary Crash Avoidance Warnings - Visual

6. Areany cautionary crash avoidance warning visua displays for this system located within 15 ND No Yes N/A
degreeshorizontally and vertically of thedriver'sline of sight to theright sidemirrors? (for right
side systems)

7. Areany cautionary crash avoidance warning visual displays for this system located within 15 ND No Yes N/A
degrees horizontally and vertically of the driver'sline of sight to the left side mirrors? (for | eft
side systems)

8. Areany cautionary crash avoidance warning visual displays for this system located within 15 ND No Yes N/A
degrees horizontally and vertically of the driver's straight-ahead line of sight to the road?

9. Isthe presence of any right side cautionary crash avoidance warning visual signal noticeable ND No Yes N/A
when the driver looks at the right side view mirrors?



10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

ND

I's the presence of any left side cautionary crash avoidance warning visual signal noticeable
when the driver looks at the |eft side view mirrors?

I's the presence of cautionary crash avoidance warning visual signal(s) noticeable when the
driver looks at the inside rear view mirror?

I's the presence of any right side cautionary crash avoidance warning visual signal noticeable
when the driver looks straight ahead?

I's the presence of any left side cautionary crash avoidance warning visual signal noticeable
when the driver looks straight ahead?

I's the presence of any right side cautionary crash avoidance warning visual signal noticeable
when the driver looks midway between theright side A and B pillars?

I's the presence of any left side cautionary crash avoidance warning visual signal noticeable
when the driver looks midway between the left side A and B pillars?

Is the driver's line of sight to all cautionary crash avoidance warning visual displays
unobstructed (e.g., by other controls, displays or vehicle components)?

Can the driver discriminate the cautionary crash avoidance warning from all other proximally
displayed information (e.g., system status information)?

Are all cautionary crash avoidance warning displays discernible in daylight?
Are all cautionary crash avoidance warning displays discernible in darkness?
Are al cautionary crash avoidance warning displays discernible in light from specular glare

sources (e.g., overhead street lights, sun)?

How effectively have SAE Recommended Practices and human factors design principles been
applied to the design of the cautionary crash avoidance warning visua displays?

. Imminent Crash Avoidance Warnings - Visual

Are any imminent crash avoidance warning visual displays for this system located within 15
degreeshorizontally and vertically of thedriver'slineof sight totheright sidemirrors? (for right
side systems)

Are any imminent crash avoidance warning visual displays for this system located within 15
degrees horizontally and vertically of the driver'sline of sight to the left side mirrors? (for | eft
side mirrors)

Are any imminent crash avoidance warning visual displays for this system located within 15
degrees horizontally and vertically of the driver’s straight-ahead line of sight to the road?

I's the presence of any right side imminent crash avoidance warning visual signal noticeable
when the driver looks at the right side view mirrors?

Isthe presence of any |eft sideimminent crash avoi dancewarning visual signal noticeablewhen
the driver looks at the |eft side view mirrors?

I sthe presence of imminent crash avoi dancewarning visual signal (s) noticeablewhenthedriver
looks at the inside rear view mirror?

No Yes N/A

ND No
ND No
ND No
ND No
ND No
ND No
ND No
ND No
ND No
ND No
Very
Ineffectively
maj or
changes
needed
ND 1 2
ND No
ND No
ND No
ND No
ND No
ND No

Yes N/A
Yes N/A
Yes N/A
Yes N/A
Yes N/A
Yes N/A
Yes N/A
Yes N/A
Yes N/A
Yes N/A
Somewhat Very
Effectively  Effectively
some few
changes changes
needed needed
3 4 5 NA
Yes N/A
Yes N/A
Yes N/A
Yes N/A
Yes N/A
Yes N/A



28.

29.

30.

31

32.

33.

35.

36.

37.

I's the presence of any right side imminent crash avoidance warning visual signal noticeable
when the driver looks straight ahead?

I sthe presence of any left sideimminent crash avoidancewarning visual signal noticeablewhen
the driver looks straight ahead?

I's the presence of any right side imminent crash avoidance warning visual signal noticeable
when the driver looks midway between the right side A and B pillars?

I sthe presence of any |eft sideimminent crash avoidancewarning visual signal noticeablewhen
the driver looks midway between the left side A and B pillars?

Is the driver's line of sight to the imminent crash avoidance warning visual displays
unobstructed (e.g., by other controls, displays or vehicle components)?

Can the driver discriminate the imminent crash avoidance warning from all other proximally
displayed information (e.g., system status information)?

Are al imminent crash avoidance warning displays discernible in daylight?
Are al imminent crash avoidance warning displays discernible in darkness?

Are all imminent crash avoidance warning displays discernible in light from specular glare
sources (e.g., overhead street lights, sun)?

How effectively have SAE Recommended Practices and human factors design principles been
applied to the design of the imminent crash avoidance warning visual displays?

Summary for Crash Avoidance Warning Visual Displays

38.

39.

40.

41.

42,

How effectively have the crash avoidance warning visual display(s) been designed to help
drivers make right lane changes without collision?

How effectively have the crash avoidance warning visual display(s) been designed to help
drivers make | eft lane changes without collision?

How effectively have the crash avoidance warning visual display(s) been designed to help
drivers make right merges without collision?

How effectively have the crash avoidance warning visual display(s) been designed to help
drivers make |eft merges without collision?

How effectively have the crash avoidance warning visual display(s) been designed to assist
driversin backing without collision?
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ND No

ND No

ND No

ND No

ND No

ND No

ND No

ND No

ND No

Very
Ineffectively
maj or
changes
needed

ND 1 2

Very
Ineffectively
major
changes
needed

ND 1 2

ND 1 2

ND 1 2

ND 1 2

ND 1 2

Yes N/A
Yes N/A
Yes N/A
Yes N/A
Yes N/A
Yes N/A
Yes N/A
Yes N/A
Yes N/A
Somewhat Very
Effectively Effectively
some few
changes changes
needed needed
3 4 5 N/A
Somewhat Very
Effectively Effectively
some few
changes changes
needed needed
3 4 5 NA
3 4 5 NA
3 4 5 NA
3 4 5 NA
3 4 5 NA



Part Il. Crash Avoidance War nings - Auditory _
Circle the number or word which best describes your response. ND=Not determinable
N/A=Not applicable

A. General

1. Isthelowest volume setting at least 60 dBA? ND No Yes N/A
2. Isthe highest volume setting not more than 90 dBA? ND No Yes N/A
3. Isthefrequency (i.e., tone) of auditory warnings between 500 and 3000 Hz? ND No Yes N/A
4. Are complex tones (vs. pure tones) used for auditory warnings? ND No Yes N/A
5. Arethe meanings of the auditory warnings easy for the driver to understand? ND No Yes N/A

6. How many of levels of auditory crash avoidance warnings are used?

B. Cautionary Crash Avoidance Warnings - Auditory

~

Are the coding methods (e.g., "beep rate", tonal changes or loudness changes) appropriate for ND No Yes N/A
the type of cautionary crash avoidance warning presented?

8. Do coding methods used for cautionary crash avoidance warning conform to population ND No Yes N/A
stereotypes (e.g., higher pitched or faster beeping) for traffic closer to the vehicle?

9. Canthedriver discriminate among the levels of coding used for the cautionary crash avoidance ND No Yes N/A
warnings (e.g., not more than four discrete levels of loudness)?

10. Can the driver discriminate the cautionary crash avoidance warning from other in-vehicle ND No Yes N/A
auditory warnings?

Very Somewhat Very
Ineffectively  Effectively Effectively
maj or some few
11. How effectively have SAE Recommended Practices and human factors design principles been changes  changes  changes

applied to the design of cautionary crash avoidance warning auditory displays?
ND1 2 3 4 5 NA

C. Imminent Crash Avoidance Warnings - Auditory

12. Arethecoding methods (e.g., "beep rate”, tonal or loudness changes) appropriate for the type of ND No Yes N/A
imminent crash avoidance warning presented?

13. Do coding methods used for imminent crash avoidance warnings conform to population ND No Yes N/A
stereotypes (e.g., higher pitched or faster beeping) for traffic closer to the vehicle?

14. Can the driver discriminate the crash avoidance warning from other in-vehicle auditory ND No Yes N/A

warnings?
Very Somewhat Very
Ineffectively  Effectively — Effectively
maj or some few
changes changes changes
. . . . . needed needed needed
15. How effectively have SAE Recommended Practices and human factors design principles been
applied to the design of imminent crash avoidance warning auditory displays? ND1 2 3 4 5 N/A
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Summary for Crash Avoidance Warning Auditory Displays

16.

17.

18.

19.

20.

How effectively havetheauditory crash avoi dancewarnings been designed to hel p driversmake
right lane changes without collision?

How effectively have the auditory crash avoidance warning display(s) been designed to help
drivers make left lane changes without collision?

How effectively have the auditory crash avoidance warning display(s) been designed to help
drivers make right merges without collision?

How effectively have the auditory crash avoidance warning display(s) been designed to help
drivers make left merges without collision?

How effectively have the auditory crash avoidance warning display(s) been designed to assist
drivers in backing without collision?

Part I11. Auxiliary Information: System Status Displays

A. System Status- Visual: (e.g., power, display intensity, system failure status, sensor sensitivity)

1

10.

11

Can the driver discriminate from the display whether the system is on or off (i.e., powered or
unpowered)?

Doesthedisplay present the setting status of driver adjustable parameters(e.g., brightness, volume
controls, alarm intensity)?

Is displayed system status information labeled?

Are the status displays discernible in daylight?

Are the status displays discernible in darkness?

Are the status displays discernible in light from specular glare sources (e.g., street lights, sun)?

Are the information coding methods used for system status information (e.g., green for okay)
appropriate for the type of information presented (when variable levels exist)?

Do the information coding techniques used conform to population stereotypes (e.g., red for a
malfunction indicator)?

Are appropriate levels of coding used to present system status information to facilitate ease of
discrimination among levels?

Does the organization of system status information facilitate quick acquisition of information
presented while driving?

Can system statusinformation be sufficiently discriminated from any other visua displaysinthe
device?
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Very
Ineffectively
major
changes
needed

ND 1 2

ND 1 2

ND 1 2

ND 1 2

ND 1 2

Somewhat
Effectively
some
changes
needed
3 4
3 4
3 4
3 4
3 4

Very
Effectively
few
changes

needed

5 N/A

5 N/A

5 N/A

5 N/A

5 N/A

ND = Not Determinable
N/A = Not Applicable

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

No Yes
No Yes
No Yes
No Yes
No Yes
No Yes
No Yes
No Yes
No Yes
No Yes
No Yes

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A



B. System Status- Auditory (If relevant.)

12.

13.

14.

15.

16.

17.

Is an auditory signal used to present system status information?

Are the coding methods (e.g., "beep rate", tona changes or loudness changes) appropriate for
the type of status information presented?

Do coding methods for status auditory warnings conform to population stereotypes?
Are multiple levels of coding auditory status information used?

Can the driver discriminate among the levels of coding used (e.g., not more than four discrete
levels of loudness)?

Can the driver discriminate system status information from other in vehicle auditory warnings?

Part IV. Auxiliary Information: Manual Controls
Circle the number or word which best describes your response.

1

2.

3.

10.

11

12.

13.

Does the driver have an unobstructed view of the controls from the forward driving position?
Areal controls labeled?

Are controls coded (size, shape, location, activation movement) for discrimination in blind
operation?

Are controls separated to prevent accidental activation of controls adjacent to the one intended
by the driver?

Does movement of all controls conform to population stereotypes (e.g., upward, right or
clockwise movement to produce an increase in the value of a parameter)?

Does the use of each control provide visual feedback?

Does the use of each control provide tactile feedback? (e.g., detents, position, displacement)
Does the use of each control provide auditory feedback (e.g., "clicks' or avolume change)?
Are control legends illuminated for viewing under nighttime driving conditions?

Are control legends discernible in bright sunlight?

Are controlslocated such that the driver does not have to assume an awkward posture to operate
the controls?

I's the appropriate control used for the type of function to be controlled? (e.g., avoiding toggle
switches for volume control)

Do the controls provide their setting status on visual or tactile inspection?
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ND

ND

ND

ND

ND

ND

No

No

No

No

No

No

Yes

Yes

Yes

Yes

Yes

Yes

N/A

N/A

N/A

N/A

N/A

N/A

ND = Not Determinable
N/A = Not Applicable

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

No

No

No

No

No

No

No

No

No

No

No

No

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A



Part V. Auxiliary Information: Legends ND= Not Determinable

Circle the number or word which best describes your response. N/A= Not Applicable

1. Arelegends present on the driver/system interface? ND No Yes N/A
2. Doesthedriver have an unobstructed view of each legend? ND No Yes N/A
3. Arethelegends discerniblein daylight? ND No Yes N/A
4. Arethe legends discernible in darkness? ND No Yes N/A
5. Areadl legends discerniblein light from specular glare sources (e.g., street lights, sun)? ND No Yes N/A
6. Arelegendslocated in acceptable positions with respect to their associated control or display? ND No Yes N/A
7. Arefunctional legends easily discriminated from advertising legends? ND No Yes N/A

Part VI. Auxiliary Information: Documentation

For purposes of thissection of theeval uation, theterm documentation refersto material provided by thedevice manufacturer that describes
systeminstallation, calibration, operation, use and maintenance. Thismaterial could bedistributed onavariety of media, including printed
manuals, video tapes, audio tapes or CD ROM.

Type of documentation (circle al that apply): Brochure  Audio Tape Manual Video Tape  Other

General (Circle the number or word which best describes your response; ND= Not Determinable, N/A= Not Applicable)

1. Doesthedocumentation identify the device as supplemental to normal driver visual sampling of ND No Yes N/A
mirrors, etc.?
2. Does the documentation identify conditions under which system performance is degraded? ND No Yes N/A

3. Does the documentation describe how to operate the system?
ND No Yes NA
4. Doesthedocumentation describe mountinglocationsfor display(s), audiblewarning devicesand
controls? ND No Yes N/A

5. Does the documentation describe installation procedures?

ND No Yes N/A
6. Does the documentation describe calibration procedures?

ND No Yes N/A
7. Does the documentation describe maintenance procedures?

ND No Yes N/A
8. Does the documentation give "trouble shooting™ tips for common problems?

ND No Yes N/A

Part VII. Overall Summary of Driver Interface ncftoivdy ey Effevely
major some few
1. Considering the control, display, warning, legend and discrimination issues mier  hed nea
presented above, how effectively has this system been designed from a human
factors perspective? ND 1 2 3 4 5 N/A
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SECTION C
OPERATIONAL JUDGEMENTSOF THE COLLISION AVOIDANCE SYSTEM DRIVER/SYSTEM INTERFACE

Name: Test Vehicle:

System: Date; Day / Night ?

Amount of driving experience with this system:

This section is to be completed by one or more human factors experts. It is desirable to have multiple human factors experts complete
this section to allow for comparison and consolidation of responses. Thetest route will contain approximately 45 minutesof each of the
following road types: arterial, highway, and rural highway. Thisroutewill bedriveninthe morning, in daylight conditionsand not during
rush hour. The same (or an equivalent) route should be driven in darkness.

Instructions for Section C:

- Before beginning this section, the human factors expert should be provided with the manufacturer’sinstructions for use of the system
and become familiar with the operation of the system through practice with the device.

- Part | should be completed first (before the human factors expert drives with the system). Part | isto befilled out in the test vehicle
with the engine running.

- After completing Part |, the human factors expert will operate the test vehicle with an operational systeminstalled in the vehicle over
afixed routein traffic and traversing the Columbus, Ohio areaand containing approximately equal amounts of time spent on art erial,
highway, and rural highway.

- Part |1 isto be completed after the human factors expert has compl eted driving with the system over thetest route. This section should
be completed while the subject is still seated in thetest vehicle. This part of section C may be repeated after driving the route under
nighttime conditions to collect data on interface effectiveness in a darkened environment.

- Part 111 consistsof aqualitative summary in which the human factors expert recordsinformation regarding their experience with the
system after having just driven with it. This section should be completed while the human factors expert is still in the test vehicle.

- Suggested references and sources of criteriafor use in assessing the appropriateness of the driver/system interface features and the
overall effectiveness of this interface include any SAE Recommended Practice. In the event that specific recommendations for some
aspect of theinterface cannot befound in any SA E recommendation, other sourcesof human factorsdesign principles, such as’Preliminary
Human Factors Guidelinesfor Crash Avoidance Warning Devices (COMSI S, 1993), the 'Human Factors Design Handbook’ (Woodson,
1992), the 'Handbook of Human Factors (Salvendy, 1987), MIL-STD-1472, or other preferred text, may be used. When referencing
specific texts, the evaluator should give afull reference (including page number) for the information cited.

Note: For the purposes of this document, please note the following definitions:

“Crash Avoidance Warning” (CAW) - refersto any information which asystem providesto the driver to help prevent an accident.
Thetype of information this warning consists of is dependent on the category of aparticular system. CAWs are divided
into two categories: 1) cautionary and 2) imminent. CAW information is any information provided by a system which
warnsthedriver of apotentially dangeroussituation (i.e., obstructing vehiclein an adjacent lanewhen considering changing
lanes, obstructing vehicleto therear when backing). Imminent CAW information refersto any information which asystem
might provide to warn the driver of an impending collision.

Distract - (v.t.) to draw away or divert, as the mind or attention.

Annoy - (v.t.) to disturb ( aperson) in away that displeases, troubles, or dlightly irritates.
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Part |. Static Evaluation
Circle the number or word which best describes your response.

1. How clearly doesthe documentation tell you . .

a

b.

C.

2. Wasthere any information regarding the use of the system which you needed, but was

The purpose of the system
How to turn on/off the system

How to operate and use the system

not included in the documentation?

3. How discernible is the crash avoidance warning display?

4. How effective isthe 'system test’ feature for understanding the status of :

a

b.

The crash avoidance warning visual displays?

The auditory crash avoidance warnings?

5. How easy to understand are the meanings of

a

b.

The system status information visual displays?

The system status auditory displays?

The cautionary crash avoidance warning visual displays?
The imminent crash avoidance warning visual displays?
The cautionary crash avoidance warning auditory displays?

The imminent crash avoidance warning auditory displays?
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ND= Not Determinable

N/A= Not Applicable

e i
ND 1 2 3 N/A
ND 1 2 3 N/A
ND 1 2 3 N/A

Not At All Very
Reeddable Readable
ND 1 2 3 N/A
Indfetve Eifentve
ND 1 2 3 N/A
ND 1 2 3 N/A

Diffir\:{ﬁ:y Eva:/y
ND 1 2 3 N/A
ND 1 2 3 N/A
ND 1 2 3 N/A
ND 1 2 3 N/A
ND 1 2 3 N/A
ND 1 2 3 N/A



Part I1. Dynamic Evaluation (conducted after road test with system): ** DRIVING SUMMARY **

The human factors expert shall record the following items about the test run:

System Tested: Test Vehicle: Start Time: End Time:
Circleas Traffic Conditions:  Light Moderate Heavy
appropriate:

Ambient Light: Day (Specify: gloomy, moderate sunlight, bright sunlight)  Night

Driving conditions: Dry Road  Wet Road Rain  Snow

Mirror Configuration on Test Vehicle (describe): Was the mirror system adequate?
1. While driving, how discernible were the following visual displays: NotAtAl i
a System status display(s)? ND 1 2 3 4 5 N/A
b. Crash avoidance warning display(s)? ND 1 2 3 4 5 NA
very difficult to very easy to
2. While driving, how well could system status information be discriminated from any other decriminate 0 disriminzte
nearby displays in the device? ND 1 2 3 45 NA
very difficult to very easy to
discriminate to discriminate
3. Whiledriving, how well could crash avoidance warning displays be discriminated from any
other nearby displaysin the device? ND 1 2 3 4 5 NA
. .. . . . . . very Not at all
4. While driving, how distracting were the following visual displays: distracting distracting
a System status display(s)? ND 1 2 3 4 5 N/A
b. Cautionary crash avoidance warning display(s)? ND 1 2 3 4 5 NA
c. Imminent crash avoidance warning display(s)? ND 1 2 3 4 5 NA
very Not at all
distracting distracting

5. While driving, how distracting were the following auditory displays:
ND 1 2 3 4 5 NA
a. System status display(s)?
ND 1 2 3 4 5 N/A
b. Cautionary crash avoidance warning display(s)?
ND 1 2 3 4 5 NA
¢. Imminent crash avoidance warning display(s)?

6. While driving, how annoying were the following auditory displays: ann\(l);)r,]g ;ﬁjﬁé
a. System status display(s)? ND 1 2 3 45 NA
b. Cautionary crash avoidance warning display(s)? ND 1 2 3 4 5 N/A
¢. Imminent crash avoidance warning display(s)? ND 1 2 3 4 5 N/A
7. How would you describe the loudness of the auditory warnings compared to what you ND Too OK Too N/A
would expect for awarning system like this? Low High

8. How wouldyou describethe
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pitch (tone) of the auditory warnings compared to what you would expect for a warning ND Too OK Too N/A

system like this? Low High
Not At All Very
Effective Effective

9. How effective was the visual crash avoidance warning presentation in helping you to make...

a. right lane changes (for right side systems)? ND 1 2 3 4 5 NA
b. left lane changes (for left side systems)? ND 1 2 3 4 5 NA
Not At All Very
. . . i . i i Effective Effective
10. How effectivewasthevisual crash avoidance warning presentation in hel ping you to merge...
a. totheright (for right side systems)? ND 1 2 3 4 5 N/A
b. to theleft (for left side systems)? ND 1 2 3 4 5 N/A
Not A_t All Very_
11. How effective was the visual crash avoidance warning presentation in helping you perform Eifectve Eifedtive
backing maneuvers (for backing systems)? ND 1 2 3 4 5 NA
Not AF All Very
12. How effectivewastheauditory crash avoidance warning presentationin hel pingyou perform fectve Featve
backing maneuvers (for backing systems)? ND 1 2 3 4 5 N/A
Not At All Very
Effective Effective

13. How effective was the auditory crash avoidance warning in helping you to make...
: . . "
a. right lane changes (for right side systems)~ ND 12 3 45 NA

i ?
b. left lane changes (for left side systems)~ ND 12 3 45 NA

14. How effective was the auditory crash avoidance warning presentation in helping you to Not AL A ey
ective ective
merge...

a. totheright (for right systems)? ND 1 2 3 45 NA

b. totheleft (for left side systems)? ND 1 2 3 4 5 NA

15. Did you use the (side) crash avoidance warning information presented by the system ND No Yes N/A
to make a decision about alane change?
About what percent of all lane changes? N/A

16. Did you use the crash avoidance warning information presented by the system to make ND No Yes N/A
adecision about merging (for side systems)?
About what percent of all merges? N/A

17. Did you usethe crash avoidance warning information presented by the system to make
adecision about a backing maneuver (for backing systems)? ND No Yes N/A
About what percent of all backing maneuvers? ;
N/A
18. Before you made alane change or merging maneuver, did the crash avoidance warning
information presented by the system cause you to use your mirrors more, less or about the
same as you normally do?
a. Left side mirror (for left side systems) ND Less Same More NJ/A

b. Right side mirror (for right side systems) ND Less Same More NJ/A

C. Rear view mirror (for rear systems) ND Less Same More N/A
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19.

20.

21.

When changing lanes or merging, did the crash avoi dance warninginformation presented
by the system cause you to look out the side windows more, less or about the same asyou
normally do?
a. Left side (for left side systems) ND Less Same More N/A
b. Right side (for right side systems) ND Less Same More N/A

Before you made a backing maneuver, did the rear crash avoi dance warning information

presented by the system cause you to use your mirrorsmore, lessor about the same asyou

normally do?
a. Left side mirror ND Less Same More N/A
b. Right side mirror ND Less Same More N/A
¢. Rear view mirror ND Less Same More N/A

When backing, did therear crash avoidance warninginformation presented by the system
cause you to look out the windows more, less or about the same as you normally do?
a. Left side window
ND Less Same More N/A
b. Right side window
ND Less Same More N/A

Part I11. Qualitative Driving Summary

1

2.

10.

11.

12.

13.

14.

15.

How much time and effort did it take to get used to the system and become familiar with the operation of its interface?
What problems, if any, did you have in using the system interface? [List]

Of the problems identified above, which ones were the biggest problems for you and why?

Was the crash avoidance information presented by the system sufficiently noticeable when driving?

Was the crash avoidance information presented by the system easy to understand and useful ?

Was the format in which the crash avoidance information was presented appropriate?

Did you experience any problems with glare (during the day dueto sun, or at night) or other factor which hindered your perception
of information presented by the system?

To what extent did you make (or almost make) an error of judgement when using the system? Explain.

Towhat extent wasthe presence of the system (driver/systeminterface) adistraction whiledriving (What aspects of the driver/system
interface were distracting)? Why?

Did you find any part of the driver/system interface to be annoying while driving? What was annoying and why?
Did you visually sample the display when not making a lane change (for lane change/merge systems)?
Overall, how effectively hasthis system’'sinterface been designed to hel p drivers makelane changes? Merges? Backing maneuvers?

If you could talk to the engineer who designed this system, what changes would you recommend to improve the driver/system
interface?

If you could talk to the engineer who designed this system, what changes would you recommend to improve the over all operation
of the system?

Would you be willing to buy this system (as tested) for your vehicle (car, truck)? Why or why not?



